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HydroGeoLogic, Inc. —Baseline Risk Assessment—Former Carswell AFB, Texas

1.0 INTRODUCTION

This risk assessment provides an evaluation of federal property located adjacent to the Naval
Air Station (NAS) Fort Worth Joint Reserve Base (JRB) on Former Carswell Air Force Base
(AFB) property. This property is approximately 300 acres, and it includes the Carswell Golf
Course. These properties are depicted on Plate 1.

The property is being evaluated for transfer under the Base Realignment and Closure (BRAC)
program. From this point forward, the area of interest will be referred to as the "BRAC
property". This document summarizes the approach used to perform a human health and
ecological risk assessment for the BRAC property. The risk assessment has been conducted to
support an ongoing Focused Feasibility Study.

1.1 INSTALLATION HISTORY OF CONTAMINATION

U.S. Air Force Plant No. 4 (AFP 4) located upgradient or west of the BRAC property was
placed on the National Priority List (NPL) in August 1990 because of a large release of
trichloroethylene (TCE) arising from past disposal practices at AFP 4. While the source areas
are currently being remediated under Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), the dissolved TCE plume appears to have migrated east of AFP
4 and extends under NAS Fort Worth JRB and the BRAC property. The regional TCE plume
can be subdivided into northern and southern lobes. The northern lobe is migrating primarily
eastward from the AFP 4 source area and will be covered in a separate risk assessment next
year. The southern lobe is migrating in a southeast direction and appears to follow a
paleochannel of the West Fork Trinity River (HydroGeoLogic, 2000). The portion of the
southern lobe on the BRAC property is the main subject of this Risk Assessment.

Since 1942, most hazardous waste generated through operations and activities at the Former
Carswell AFB have been disposed of in landfills, reused on base, or processed through the
Defense Property Disposal Office for off-base recycling or disposal. A total of 68 Solid Waste
Management Units (SWMU5) have been identified at the NAS Fort Worth JRB and Former
Carswell AFB. Many were addressed as part of a Resource Conservation and Recovery Act
(RCRA) Facility Assessment (RFA) (U.S. Environmental Protection Agency [USEPA],
1989a), with additional SWMUs added later via letters from the Texas Natural Resource
Conservation Commission (TNRCC). Additionally, 16 areas of concern (AOC5) were
identified in either Permit HW-50289 for Carswell AFB issued by the TNRCC (formerly
Texas Water Commission [TWC]) on February 13, 1991 (TWC, 1991) or by individual letters
from the TNRCC. Since 1984, many of these sites (which include landfills, fife training areas,
oil/water separators, and evidence of spills at waste accumulation areas) have been
investigated. A number of the SWMUs and AOCs identified have been determined to require
no further action (NFA) and are currently considered closed by the TNRCC (TNRCC, 1995).
All SWMUs and AOCs are listed in Table 1.1 and Table 1.2, respectively, and the locations of
the active SWMUs and AOCs are shown on Plate 1. (HydroGeoLogic, Inc. 2001).

U.S. Air Force Center for Environmental Excellence
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Table 1.1

Solid Waste Management Units at the Former Carswell AFB, Texas

SWMIJ Description OPR
1 Pathological Waste Incinerator (NFA) BRAC

2 Pathological Waste Storage Shed (NFA) BRAC

3 Metal Cans (NFA) BRAC

4 Facility Dumpsters (NFA) BRAC

5 Building 1627 Waste Accumulation Area for Building 1628 ERA

6 Building 1628 Wash Rack and Drain ERA

7 Building 1628 Oil/Water Separator (NFA) ERA

8 Building 1628 Sludge Collection Tank (NFA) ERA

9 Building 1628 Work Station Waste Accumulation Area (NFA) ERA

10 Building 1617 Work Station Waste Accumulation Area (NFA) ERA

11 Building 1618 Waste Accwnulation Area for Buildings 1617 and 1619 (NFA) ERA

12 Building 1602 Former Waste Accumulation Area ERA

13 Building 1710 Visual Information Center Work Station Former Waste Accumulation
Areas (NFA)

ERA

14 Building 1060 Bead Blaster Collection Tray (NFA) BRAC

15 Building 1060 Paint Booth Vault (NFA) BRAC

16 Building 1059 Waste Accumulation Area (NFA) ERA

17 Landfill No. 7 ERA

18 Fire Training Area No. 1 (NFA) ERA

19 Fire Training Area No. 2 ERA

20 Waste Fuel Storage Tank ERA

21 Waste Oil Tank ERA

22 Landfill No. 4 (NFA) BRAC

23 Landfill No. 5 (NFA) ERA

24 Waste Burial Area 7 (NFA) ERA

25 Landfill No. 8 (NFA) ERA

26 Landfill No. 3 ERA

27 Landfill No. 10 (NFA) ERA

28 Landfill No. 1 ERA

29 Landfill No. 2 ERA

30 Landfill No. 9 ERA

31 Building 1050 Former Waste Accumulation Area ERA

32 Building 1415 Waste Accumulation Area for Building 1410 (NFA) ERA

33 Building 1436 Waste Accumulation Area for Building 1420 (NFA) ERA

34 Building 1194 Former Waste Accumulation Area (NFA) ERA

35 Vehicle Refueling Shop (Building 1194) Oil/Water Separation System ERA

36 Building 1191 Former Waste Accumulation Area (NFA) ERA

37 Vehicle Maintenance Shop (Building 1191) Oil/Water Separation System ERA

38 Building 1269 Polychlorinated Biphenyl Transformers Building (NFA) BRAC

39 Building 1643 Former Waste Accumulation Area (NFA) ERA

40 Building 1643 Oil/Water Separation System ERA

U.S. Air Force Center for Environmental Excellence
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HydroGeoLogic, Inc. —Baseline Risk Assessment—Former Carswell AFB, Texas

Table 1.1 (continued)
Solid Waste Management Units at the Former Carswell Afl, Texas

SWMU Description OPR
41 Building 1414 Oil/Water Separation System, Field Maintenance Squadron Aerospace

Ground Equipment
ERA

42 Building 1414 Former Waste Accumulation Area (NFA) ERA

43 Building 1414 Non Destructive Inspection Waste Accumulation Point (NFA) ERA

44 Building 1027 Oil/Water Separation System at the Aircraft Washing Hangar ERA

45 Building 1027 Waste Oil Tank Vault (NFA) ERA

46 Building 1027 Waste Accumulation Area (NFA) ERA

47 Building 1015 Jet Engine Test Cell Oil/Water Separator ERA

48 Building 1048 Fuel Systems Shop Floor Drains (NFA) ERA

49 Aircraft Washing Area No. 1 ERA

50 Aircraft Washing Area No. 2 ERA

51 Central Waste Holding Area/Waste Accumulation Areas 1187 and 1189 (NFA) ERA

52 Building 1190 Oil/Water Separation System ERA

53 Storm Water Drainage System (NFA) ERA

54 Storm Water Interceptors ERA

55 East Gate Oil/Water Separator ERA

56 Building 1405 Waste Accumulation Area (NFA) ERA

57 Buildings 1432/1434 Waste Accumulation Area (NFA) ERA

58 Pesticide Rinse Area (NFA) BRAC

59 Building 8503 Weapons Storage Area Waste Accumulation Area BRAC

60 Building 8503 Radioactive Waste Burial Site BRAC

61 Building 1319 Waste Accumulation Area for Building 1320 ERA

62 Landfill No. 6 ERA

63 Entomology Dry Well (NFA) ERA

64 French Underdrain System ERA

65 Weapons Storage Area Disposal Site (NFA) BRAC

66 Sanitary Sewer System BRAC

67 Building 1340 Oil/Water Separator ERA

68 POL Tank Farm ERA

Notes:
BRAC - Base Realignment and Closure
ERA - Environmental Restoration Account
NFA - No further action
OPR - Office of Primary Responsibility
POL - Petroleum, oil, and lubricant

U.S. Air Force Center for Environmental Excellence
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Table 1.2
Areas of Concern

Former Carswell AFB, Texas

AOC OPR
Former Base Service Station] Former Base Gas Station ERA

Airfield Groundwater Plume ERA

Waste Oil Dump (NFA) ERA

Fuel Hydrant System (NFA) ERA

Grounds Maintenance Yard ERA

Recreational Vehicle Storage Area (NFA) ERA

Former Base Refueling Area ERA

Aerospace Museum BRAC

Golf Course Maintenance Yard (NFA) BRAC

Building 1064 Oil/Water Separator ERA

1 Building 1060 Oil/Water Separator ERA

Building 4210 Oil/Water Separator ERA

Building 1145 Oil/Water Separator (NFA) ERA

Unnamed Stream ERA

Storage Shed Building 1190 (NFA) ERA

Family Camp (NFA) BRAC

17 Suspected Former Landfill (NFA) ERA

Suspected Former Fire Training Area A (NFA) ERA

19 Suspected Former Fire Training Area B ERA

Notes:
BRAC Base Realignment and Closure
ERA - Environmental Restoration Account
NFA - No further action
OPR - Officeof Primary Responsibility

U.S. Air Force Center for Environmental Excellence
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HydroGeoLogic, Inc. —Baseline Risk Assessment—Former Carswell AFB, Texas

TCE drums were discovered from a landfill located just upgradient of the BRAC property.
The area is identified as SWMU 24, Waste Burial Area No. 7 (WP-07). SWMU 24 began
serving as an active landfill during the 1960's. The unit received drums of cleaning solvents,
tetraethyl leaded sludge, small quantities of undetermined waste, and may have received live
ordinance. Operations appear to have ended by 1983. All landfill activity associated with
SWMU 24 during the period of operation was contained within the perimeter fencing for the
unit.

In February 1991, a geophysical survey was performed at SWMU 24. Results from this
survey revealed nine distinct geophysical anomalies, indicating buried metal objects beneath
the ground surface. A total of thirty-four 55-gallon drums and ten 5-gallon buckets were
excavated. These drums and buckets contained a total of 131 gallons of TCE and 169 gallons
of TCE-contaminated liquid. A post excavation confirmation geophysical survey was
performed in April 2000, which identified 12 additional anomalies indicating metallic objects
beneath the ground surface. Trenching activities uncovered 20 drums containing TCE. All
anomalies were investigated, contaminated soils were removed, and confirmation soil samples
were collected for chemical analysis.

The site soils were approved for closure under Risk Reduction Standard (RRS) 2 and no longer
appear to present a potential risk to human health or the environment.

Other than AFP 4 and WP-07, no other previous or current sources have been identified at the
sites.

1.2 SITE GEOLOGY

The major geologic units of interest for the region, from youngest to oldest, are as follows: (1)
the Quanternary (Terrace) Alluvium (including fill material and terrace deposits), (2) the
Cretaceous Goodland Limestone, (3) the Cretaceous Walnut Formation, (4) the Cretaceous
Paluxy Formation, (5) the Cretaceous Glen Rose Formation, and (6) the Cretaceous Twin
Mountains Formation. The regional dip of these stratigraphic units beneath NAS Fort Worth
JRB is between 35 to 40 feet per mile in an easterly to southeasterly direction. NAS Fort
Worth JRB is located on the relatively stable Texas Craton, west of the faults that lie along the
Ouachita Structural Belt. No major faults or fracture zones have been mapped near the base.

1.3 SITE HYDROGEOLOGY

The following five hydrogeologic units, listed from the shallowest to the deepest, located in the
NAS Fort Worth JRB area include: (1) an upper perched-water zone occurring in the alluvial
terrace deposits associated with the Trinity River (Terrace Alluvium), (2) an aquitard of
predominantly dry limestone with interbedded fine-grained clay and shale layers of the
Goodland and Walnut Formations, (3) an aquifer in the sandstone of the Paluxy Formation, (4)
an aquitard of relatively impermeable limestone in the Glen Rose Formation, and (5) a major
aquifer in the sandstone of the Twin Mountains Formation. The three upper lithologic units

U.S. Air Force Center for Environmental Excellence
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7 10 i'8 HydroGeogic, Inc. —Baseline Risk Assessment—Fonner Carswell AFB, Texas

beneath NAS Fort Worth JRB are examined in more detail in the following paragraphs. The
potentiometric surface is contoured on Plate 1.

1.3.1 Terrace Alluvium Deposits

The uppermost groundwater in the area occurs within the pore space of the grains of silt, clay,
sand, and gravel deposited by the Trinity Rivet. In some parts of Tarrant County, primarily in
those areas adjacent to the Trinity River, groundwater from the terrace deposits is used for
irrigation and residential use. However, groundwater from the terrace deposits is not often
used as a source of potable water due to its limited distribution, poor yield, and susceptibility
to surface/storm-water pollution (U.S. Geological Survey [USGS], 1996). No potable water
supply wells are completed in the Terrace Alluvium within 0.5 miles of NAS Fort Worth JRB.

Recharge to the water-bearing deposits occurs through infiltration from precipitation and from
surface water bodies. Extensive on-site pavement and construction restricts this recharge.
Additional recharge, however, comes from leakage in water lines, sewer systems, storm
drains, and cooling water systems. This inflow of water to the shallow aquifer locally affects
groundwater flow patterns and contamination migration. The estimated hydraulic conductivity
of the Terrace Alluvium groundwater is 2 ft/day to 280 ft/day based on pumping and slug tests
performed as part of the data gap investigations (HydroGeoLogic, 2000).

Flow between aquifers is restricted by the Goodland/Walnut Formations; therefore, the
Terrace Alluvium groundwater has no significant hydraulic connection to the underlying
aquifers at NAS Fort Worth JRB.

The primary flow direction of water in the Terrace Alluvium is generally eastward toward the
West Fork of the Trinity River, although localized variations exist across the base. The
hydraulic gradient across the base is variable, reflecting variations in the flow direction and
localized recharge. Groundwater discharge occurs into surface water on-site, specifically
Farmers Branch Creek.

Water elevations were measured two to four times a year between April 1995 and October
2001. A review of these water level elevations shows little seasonal or annual fluctuation
indicating a steady trend in groundwater flow direction from west to east across the site toward
the West Fork of the Trinity River. A northeasterly flow is predominant near Farmers Branch
Creek. The potentiometic surface from the April 2001 gauging event is depicted in Plate 1.

1.3.2 Goodland/Walnut Aquitard

The groundwater within the terrace deposits is isolated from groundwater within the lower
aquifers by the low permeability rocks of the Goodland Limestone and Walnut Formations.
The primary inhibitors to vertical groundwater movement within these units are the fme-
grained clay and shale layers that are interbedded with layers of limestone. Some groundwater
movement does occur between the individual bedding planes of both of these units, but the
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vertical hydraulic conductivity has been calculated to range between 1.2 x 1O centimeters per
second (cmls) to 7.3 x 10" cm/s for the NAS Fort Worth JRB and AFP 4 area. A vertical
advective velocity rate was calculated and ranges between 1.16 x io- feet per day (ft/d) to
5.22 x iO ft/d (ESE, 1994).

Immediately east of the AFP 4 building, the Goodland/Walnut aquitard is breached, and
creates a "window" to the terrace alluvium groundwater. The terrace alluvium is in direct
communication with the groundwater in the Paluxy aquifer in this area as confirmed by
groundwater samples collected from the Paluxy (Jacobs 2001) . A substantial number of
monitoring wells and borings have been advanced on NAS Fort Worth JRB, and no evidence
has been found indicating that a similar window exists on the base property.

During 2000, several data gap investigations were conducted in support of a Risk
Assessment/Focused Feasibility Study (HydrooeoLogic, 2000b). As part of the investigations,
three monitoring wells were installed and screened in the paluxy upper sands (WHGLPUOOI,
WHGLPUOO3, and WHGLPUOO4). When drilling the wells, the Walnut Formation was
observed to be fractured and appeared to have higher hydraulic conductivities than the Upper
Paluxy. An additional monitoring well (WHGLWNOO2) was installed in the Walnut Limestone
formation in order to characterize the unit.

1.3.3 Paluxy Aquifer

The Paluxy aquifer is an important source of potable groundwater for the Fort Worth area.
Many of the surrounding communities, particularly White Settlement, obtain their municipal
water supplies from the Paluxy aquifer. Groundwater from the Paluxy aquifer is also used in
some of the surrounding farms and ranches for agricultural purposes. Due to the extensive use
of the Paluxy aquifer, water levels have declined significantly over the years. Water levels in
the NAS Fort Worth JRB vicinity have not decreased as much as in the Fort Worth area due to
its proximity to the Lake Worth recharge area and the fact that the base does not use water
from the Paluxy aquifer. Drinking water at the base is supplied by the city of Fort Worth,
which uses Lake Worth as its water source. The groundwater of the Paluxy aquifer is
contained within the openings created by gaps between bedding planes and cracks and fissures
in the sandstones of the Paluxy Formation. Just as the Paluxy Formation is divided into upper
and lower sand members, the aquifer is likewise divided into upper and lower aquifers. The
upper sand is fmer grained and contains a higher percentage of shale than the lower sand.
Radian (1989) estimated the hydraulic conductivity and transmissivity to be 130 to 140 gpd/ft2
and 1,263 to 13,808 gallons per day per foot (gpd/ft), respectively. TCE concentrations in
WHGLPUOOI ranged from non-detect to 5 pg/L over the three sampling events. No other
deep wells at Carswell have contained VOCs.

1.4 SURFACE WATER

NAS Fort Worth JRB is located within the Trinity River Basin adjacent to Lake Worth. The
main surface water features of interest are Lake Worth, the West Fork of the Trinity River,
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710
Farmers Branch Creek, and the golf course ponds (2) which drain into Farmers Branch Creek.
Only Farmers Branch Creek and the golf course ponds are located within the area being
discussed in this Risk Assessment. The West Fork of the Trinity River will be addressed in
the upcoming Northern Lobe Risk Assessment.

Lake Worth, which was constructed in 1941 as a source of municipal water for the city of Fort
Worth, borders the base to the north. The surface area of the lake is approximately 2,500
acres. The Paluxy aquifer discharges to Lake Worth near its western extent. However, in the
portion of the lake near Bomber Road, the top of the Paluxy aquifer is recharged by Lake
Worth. There does not appear to be a hydraulic connection between the Paluxy aquifer and the
lake in the eastern portion where the Walnut Formation separates the Paluxy aquifer and Lake
Worth. The elevation of the lake is fairly constant at approximately 594 feet above national
geodetic vertical datum (NGVD), the fixed elevation of the dam spillway (USGS, 1996).

The West Fork of the Trinity River, a major river in north central Texas, defines the eastern
boundary of the base. The Trinity River flows southeast towards the Gulf of Mexico. Because
the river has been dammed, the 100- and 500-year flood plains downstream of the dam do not
extend more than 400 feet from the center of the river or any of its tributaries. Fanners
Branch Creek discharges into the West Fork of the Trinity River at the eastern edge of the
Former Carswell AFB.

Storm water, which enters the NAS Fort Worth storm water drainage system, is discharged
directly into Lake Worth. The outfall is permitted under the National Pollutant Discharge
Elimination System, and monitoring results document compliance with permit discharge
limitations (IT Corporation, 1997). Storm water which does not enter the drainage system,
drains east towards the West Fork of the Trinity River. A portion of the base is drained by
Farmers Branch Creek beginning within the community of White Settlement and flows
eastward. Most of the flow in the creek is due to surface runoff, with some groundwater
recharge from the Terrace Alluvium. Just south of AFP 4, Farmers Branch flows under the
runway within two large culverts identified as an aqueduct. Two unnamed tributaries flow
across the Flightline Area and discharge into Farmers Branch Creek. Most of the base
drainage is intercepted by a series of storm drains and culverts, directed to oil/water
separators, and discharged to the West Fork of the Trinity River downstream of Lake Worth.
A small portion of the north end of the base drains directly into Lake Worth.

1.5 RISK ASSESSMENT

Investigations of contaminant source areas at NAS Fort Worth JRB revealed the presence of
groundwater contaminants in varying concentrations throughout the area. These contaminants,
primarily volatile organic compounds (VOCs) (i.e., predominantly TCE and its degradation
products) occur as definable plumes (the northern and southern lobes). There is no evidence of
soil contamination at the site. Because of movement of groundwater and the physio-chemical
properties of the individual contaminants, contaminants may be transported from one source
area through others, commingling, and finally moving into remote portions of the BRAC
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property or across the BRAC property boundary. This risk assessment examines the potential
for risks posed to human health and the environment by exposure to the contaminants in
groundwater, surface water and sediment. The risk assessment incorporates previous
groundwater, surface water, and sediment characterization efforts to allow for the
development, evaluation, and selection of appropriate remedial actions for the BRAC property.

Human health risk from exposure to contaminated groundwater is evaluated quantitatively.
The groundwater exposure point concentration may be estimated as the maximum
concentration for any constituent. In situations involving large areas and multiple chemicals of
concern, the maximum detected constituent concentration associated with one chemical may be
at a different location from the maximum detected constituent concentration associated with a
second chemical. Assuming equivalent exposure for both chemicals to any receptor would,
therefore, be inaccurate and overly conservative. Since current and future exposures to
groundwater occur at particular locations, it would be helpful to estimate risk at all possible
locations within the BRAC property based on land use scenarios. For these purposes, a risk
assessment that evaluates risk at multiple locations for multiple contaminants of concern is
more realistic.

For groundwater as a media pathway, contour maps were generated to represent risk for the
entire BRAC property. These maps represent total incremental cancer risk and noncancer
hazard for all chemicals of potential concern (COPCs) as a function of contaminant
concentration and location (i.e., risk isopleths). This approach to risk characterization is
innovative. In most risk assessments, risk is presented for a discrete area in a tabular format.
This approach, however, does not present the spatial distribution of risk on a continuous basis.
Instead, statistical methods are used to develop conservative risk numbers that are
representative of a large discrete area. This isopleth approach to risk characterization provides
a mechanism for presenting quantitative estimates of carcinogenic risk and noncarcinogenic
hazard in a fashion that can be easily communicated to all stakeholders and allows the spatial
distribution of risk to be presented at every location within the BRAC property.

Surface water and sediment constituent concentrations are also evaluated to assess potential
human health and ecological risk using more traditional methods. Human health risk is
evaluated through the estimation of average surface water and sediment concentrations from
which, numerical risk and hazard estimates are derived. For ecological risk, surface water and
sediment constituent concentrations are evaluated by a tiered approach (Texas Natural
Resource Conservation Commission [TNRCC], 2000). The need for a more rigorous
ecological evaluation is based on the results of the initial evaluation.

The risk assessment is intended to reflect appropriate guidance provided by U.S.
Environmental Protection Agency (EPA) (1989b, 1 995c, and 1 998a) for human health risk
assessment and guidance provided by TNRCC (2000) for ecological risk assessment. EPA's
Part D risk assessment guidance (1998b) provides standardized tables that present data and
calculated values used in the risk assessment. Part D guidance is used to present the majority
of the risk assessment. However, since the groundwater risk characterization takes the form of
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risk isopleth maps rather than single numerical estimates of risk, the groundwater risk
characterization does not specifically conform to Part D risk characterization formats.

The risk assessment consists of the following elements:

• Conceptual Site Model (CSM) for both human and ecological health;

• Data Compilation and Evaluation describing methodologies used to summarize
data used in this evaluation;

• Summary of COPCs;

• Exposure Assessment which includes a summary of the unit risk values used in
the risk characterization;

• Toxicity Assessment used to evaluate carcinogenic risk and noncarcinogenic
hazard from groundwater, surface water and sediment exposures. The Toxicity
Assessment includes both carcinogenic and noncarcinogenic toxicity values as
well as toxicity profiles for potential human health and ecological receptors; and

• Risk Characterization and an Evaluation of Uncertainties in the exposure,
toxicity, and risk estimates.

These elements are discussed in the following sections.
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2.0 HUMAN HEALTH RISK ASSESSMENT

2.1 CONCEPTUAL SITE MODEL

The CSM for the human health risk assessment is developed to provide the basis for
identifying and evaluating the potential risks to human health. The conceptual model facilitates
consistent and comprehensive evaluation of risks by creating a framework for identifying the
paths by which potential human receptors may be impacted by groundwater, surface water,
and/or sediment. Soils have not been included because there is no evidence of contamination.
The elements necessary to construct a complete exposure pathway and develop the conceptual
model include:

• Land use scenarios and potential populations of concern
• COPCs and their sources
• Release mechanisms
• Transport pathways
• Exposure pathway scenarios
• Potential receptors (both current and future)

2.1.1 Land Use Scenarios and Potential Populations of Concern

Land use in the BRAC property ranges from industrial to residential. Although current
groundwater supplies in the vicinity of the NAS Fort Worth JRB originate from Lake Worth
and deep wells, this risk assessment addresses potential future use of groundwater at all depths
beneath the site. It should be pointed out that it is unlikely with two prolific lower aquifers
(Paluxy and Glen Rose) and Lake Worth nearby that the contaminated shallow alluvial aquifer
will be used as a source of drinking water in the foreseeable future.

The exposure parameter values are for the reasonable maximum exposure (RME) except for
when actual groundwater concentrations are used. Also included is an exposure scenario that
evaluates current conditions where shallow groundwater is not available for residential use and
the only potential exposure to contaminated groundwater would be during construction
activities. All receptors are evaluated for the RME.

The potential human groundwater receptor exposure scenarios include:

• Resident - This exposure assumes that adults and children reside within the
BRAC property and that these receptors obtain all household water from on-site
supply wells. It is assumed that adults are exposed to groundwater through
ingestion of tap water, dermal contact when showering, and inhalation of
volatiles when showering. Children are exposed through ingestion of tap H20
and dermal contact when bathing. Inhalation of vapors in basements derived
from groundwater contaminants.
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• Construction Worker - This exposure assumes that a construction worker is
exposed through dermal contact, inhalation of volatiles, and incidental ingestion
while engaged in construction activities in the BRAC property.

The potential human surface water and sediment receptor exposure scenarios include:

• Recreational User - This exposure assumes that adults frequent the ERAC
property and occasionally come in contact with surface water and sediment.
Since a portion of the property will remain a golf course, a typical exposure
would be a frequent golfer retrieving golf balls. The stream (Farmer's Branch)
in this area is ephemeral and does not provide a habitat that supports sport
fishing. As a conservative measure, however, surface water will be evaluated
assuming some limited fishing may be possible, although it is highly unlikely
considering the close proximity of Lake Worth.

• Trespasser — This receptor is a young adult that visits the area intermittently.
This receptor is exposed to surface water and sediment while exploring and
playing in the surface water bodies.

• Site Maintenance Worker - This receptor is an adult that works as a
groundskeeper and occasionally performs maintenance activities in the surface
water bodies and becomes exposed to surface water and sediment.

2.1.2 Exposure Pathways

Receptors may be impacted by groundwater, surface water and/or sediment. These media may
have been impacted by upgradient source areas. Soil is not included in this risk assessment
because no soil source areas have been identified on the BRAC property. Exposure pathways
relevant to human exposures to groundwater, surface water and sediment are listed below.

Exposure routes for the resident and construction worker include:

• Ingestion of groundwater
• Inhalation of volatiles from groundwater
• Dermal contact with chemicals in the groundwater
• Inhalation of vapors in basements derived from groundwater contaminants

Exposure routes for the recreational user, trespasser, and maintenance worker include:

• Incidental ingestion of surface water and sediment
• Dermal contact with chemicals in the surface water and sediment
• Limited ingestion of fish
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2.1.3 Data Compilation and Evaluation

Historical groundwater, surface water and sediment data were compiled and summarized from
previous investigations. Groundwater quality data collected from July 1997 through April
2000 was used to develop the COPC list. The full data set was used to provide the most
conservative list of COPCs. Risk contour maps were developed using 1999 data only (to
represent the current risks at the site) as described below. The 1999 data set is the most
comprehensive in the number of analytes and number of sampled wells. It should also be noted
that VOC concentrations in groundwater have decreased since 1999. Surface water and
sediment data were statistically summarized to derive exposure point concentrations used in the
human health risk assessment.

Although surface water samples are collected on a semi-annual basis as part of the AFP 4
monitoring program required by the Record of Decision (ROD) (Rust Geotech, 1996), only
TCE, DCE, vinyl chloride, and mercury are analyzed. The most complete surface water and
sediment data sets were collected by HydroGeoLogic in 1997 (HydroGeoLogic, 2000) as part
of an on-going RFI for the landfills. These samples were analyzed for VOCs, semivolatile
organic compounds (SVOCs), and metals. The TCE concentrations from this 1997 data set are
consistent with the data gathered during the semi-annual events. Following review of the draft
version of this risk assessment, two additional surface water and sediment samples were
collected at the request of the TNRCC. Samples were collected downgradient of the
aqueduct and downgradient of Pumphrey Drive near the front gate to the base as depicted in
Plates 2 and 3. An additional analysis to determine the composition of the mercury detected at
the site (elemental vs. methyl mercury) was also conducted.

Only data validated to EPA Level III were used in this risk assessment. Data may be classified
as rejected (R), qualified as estimated (J or UJ), or qualified below detection limits (U).
Rejected data were not in the risk assessment. J-qualified data represent estimated values, but
are treated in the same manner as unqualified data and will be included in the exposure
estimates.

2.1.4 Chemicals of Potential Concern

The process for selecting COPCs for groundwater, surface water and sediment in the BRAC
property is defmed below. The selection process for COPCs for the human health risk
assessment includes a comparison to background (Jacobs, 1998), a risk-based concentration
screen and an evaluation of frequency of detection.

2.1.4.1 Comparison of Site-Related Data to Background Data

The initial selection of inorganic constituents for evaluation in the risk assessment is based on a
statistical comparison of site-related data to the background data established by Jacobs in 1998
(Jacobs, 1998). A statistical representation of background concentrations is calculated for all
inorganic constituents (see Section 2.5 that describes statistical methods for the derivation of
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the 95% Upper Confidence Level [UCLJ which will be used to describe the representative
concentration of background constituents). The initial list of COPCs is based on a comparison
of detected analyte concentrations to representative background concentrations. Inorganic
constituents are considered to be similar to background concentrations if the 95% UCL
concentration of the detected site constituent is less than or equal to the background 95% UCL
for the selected inorganic constituent. Those inorganic compounds that are similar to
background levels are eliminated as COPCs.

2.1.4.2 Risk-Based Concentration Screen

After screening out chemicals that are not COPCs on the basis of background comparisons, the
remaining chemicals are screened against risk-based concentrations. The purpose of this
screening is to make the human health baseline risk assessment process more efficient by
focusing on the dominant chemicals and routes of exposure at the earliest feasible stage.

The risk-based concentration screen includes the following steps:

• The maximum concentration is identified for each chemical detected in each
medium.

• The maximum concentration is compared to the Region 6 Media-Specific
Screening Criteria (EPA, 2000).

• If a specific chemical exceeds the risk-based concentration for that medium, the
chemical is retained for the risk assessment for all routes of exposure involving
that medium.

• If a specific chemical does not exceed its risk-based concentration for any
medium, the chemical is eliminated from the COPC list.

In addition to the concentration/toxicity screen described above, additional screens are applied
to the groundwater data to evaluate the potential for significant vapor intrusion to future
residential basements. The Johnson and Ettinger Model (EPA, 1989b) was used to derive
inhalation screening criteria for detected groundwater constituents. Input parameters for the
Johnson and Ettinger Model are presented as Appendix A. A comparison of screening criteria
to detected groundwater constituents determines the need for a more quantitative evaluation of
this pathway.

In addition, surface water constituent concentrations are compared to TNRCC screening
criteria for non-sustainable fisheries (TNRCC, 2000). This comparison was used to determine
the need for a more quantitative evaluation of this pathway. It should also be noted that, since
the selection of surface water COPCs is for human receptors, and the exposure pathways for
surface water are consistent with groundwater exposure pathways, tap water PRGs provide a
conservative toxicity/concentration screen. Screening against tap water PRGs are further
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justified since the screening is merely intended to remove those chemicals that would not
contribute significantly to risk or hazard. The screen is applied equally to metals, VOCs and
SVOCs.

2.1.4.3 Detection Frequency

In accordance with EPA guidance (EPA, 1989a), consideration of detection frequency was
applied in the selection of COPCs. Chemicals that are detected infrequently (i.e., in less than 5

percent of 20 or more samples) at less than five times the reporting limit were eliminated from
the COPC list. Exceptions are made for Class A carcinogens which remain on the COPC list.

2.1.4.4 Selection of COPC Results

Table 1 presents the COPCs for groundwater; these chemicals include inorganics; arsenic and
chromium, and VOCs; 1, 1-dichloroethene (1, 1-DCE), 1 ,4-dichlorobenzene (1 ,4-DCB),
benzene, chloroform, cis-I,2-dichloroethene (cis-I,2-DCE), tetrachloroethene (PCE), TCE and
vinyl chloride; a SVOC; bis(2-ethylhexyl)phthalate; and an herbicide; 000-

triethylphophorothioate.

The groundwater COPCs were further evaluated to determine if any present a potential to
contribute to vapor intrusion to future residential basements. Table 2 presents a comparison of
screening criteria for vapor intrusion calculated using the Johnson and Ettinger Model (EPA,
1989b). Only TCE and vinyl chloride present such a threat. The risk of potential vapor
intrusion will be discussed in Section 4.0 (Results of the Human Health Risk Assessment).

Surface water COPCs are presented in Table 3. Surface water COPCs for the human health
risk assessment include inorganics; aluminum, antimony, and zinc; and VOCs; cis, 1-2, DCE,
TCE; and the SVOC, bis(2-ethylhexyl)phthalate. Surface water COPCs were also evaluated
for their potential to cause adverse effects if this water body is evaluated as a non-sustainable
fishery (TNRCC, 2000). Table 4 presents a comparison of surface water COPCs to those
criteria. None of the surface water COPC concentrations exceed these criteria. This pathway
will, therefore, not be evaluated further.

Sediment COPCs are presented in Table 5. Sediment COPCs for the human health risk
assessment include inorganics; arsenic, iron, magnesium, manganese, nickel, vanadium, and
zinc.

2.1.5 Exposure Point Concentrations

The exposure point concentration is the concentration of a COPC in an exposure medium that
may be contacted by a real or hypothetical receptor. Determination of the exposure point
concentration depends on factors such as:
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• Availability of data
• Amount of data suitable for statistical analysis
• Location of the potential receptor

The concentration may be based on sampling data at the exposure point or estimated from a
contaminant fate and transport model. Monitoring data generally provide the best estimate of
current conditions, but models may be necessary to estimate exposure point concentrations
where: exposure points are spatially separated from monitoring points, where temporal
distribution of data is lacking, and monitoring data are restricted by the limit of quantification
(US EPA, 1 989a). Measured groundwater concentrations were used to evaluate current
conditions within the aquifers underlying the BRAC property that is being considered for
public transfer.

Historical surface water and sediment data were statistically evaluated to determine
conservative constituent concentrations used in the risk assessment. In Superfund risk
assessments, the concentration term in the intake equation is an estimate of the arithmetic
average concentration for a contaminant based on a set of site sampling results (EPA 1989a
and 1992d). Because of the uncertainty associated with estimating the true average
concentration at a site, the 95% UCL of the arithmetic mean will be used in the risk
assessment if sufficient data are available. If the data are limited, the maximum detected
concentration will be used as the exposure point concentration. The 95% UCL provides
reasonable confidence that the true site average will not be underestimated.

The EPA has determined that most large environmental contaminant data sets from soil
sampling are lognormally distributed rather than normally distributed (EPA, 1992d).

The W test developed by Shapiro and Wilkes (Gilbert, 1987; Equations 12.3 and 12.4) are
used to determine whether or not a data set has been drawn from a population that is normally
distributed.

The equation used to calculate the 95% UCL for the lognormal distribution is shown below:

UCL =

where:
UCL = 95 percent upper confidence limit
e = constant (base of the natural log, equal to 2.7 18)
I = arithmetic mean of transformed data
s = standard deviation of the transformed data
H = H-statistic (Gilbert, 1987)
n = number of samples
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The equation used to calculate the UCL for the nonnal distribution is:

UCL + t(s/J)

where:
UCL = 95 percent upper confidence limit

= arithmetic mean of the untransformed data
s = standard deviation of the untransformed data
t = Student-t statistic (Gilbert, 1987)
n = number of samples

In many cases, analytes are below the applicable detection limit in each sample. Non-detected
results (U-qualified) are reported as less than the sample quantitation limit (SQL). The
chemical may be present at the concentration just below the reported quantitation limit, or it
may not be present in the sample at all. For media in which a chemical has been otherwise
detected, non-detected results for that chemical will be treated statistically as one-half the SQL
as a proxy concentration. This standard conservative approach is used to determine the
concentrations most representative of potential exposures.

The statistical methods described in this section are parametric procedures and are intended for
use in cases where the percentage of non-detects in a particular data set is less than 50 percent.
In the event that the percentage of non-detects for a particular chemical is greater than 50
percent, non-parametric procedures will be applied as appropriate. Procedures for evaluating
and applying non-parametric statistics are described in the guidance document Statistical
Analysis of Ground-Water Monitoring Data at RCRA Facilities, Addendum to Interim Final
Guidance (EPA, 1992a).

2.1.6 Human Intake Assumptions and Exposure Quantification

This section describes methods that are used for quantif'ing chronic exposures for exposure
pathways identified in the conceptual model. Exposures are determined to characterize the
RME, the maximum exposure reasonably expected to occur at the site (EPA, 1989a). If the
RME concentration is determined to be below the appropriate threshold, then it is likely that all
other lesser exposure concentrations at the site will also be below levels of concern. Exposure
parameters that will be used to estimate the RME are provided in Table 6 for groundwater
exposure pathways and in Tables 7 and 8 for surface water and sediment, respectively.

2.1.6.1 Groundwater and Surface Water Ingestion

A receptor can ingest water by drinking it or through using household water for cooking. An
estimate of intake from ingesting water is calculated as follows (EPA, 1989a):

=1 BWAT
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where:
1 = intake of contaminant from drinking water (mg/kg/day)
C = concentration of contaminant in water (mg/L)
JR = ingestion rate (L/day)
FT = fraction ingested from contaminated source (unitless)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days); for noncarcinogens, AT equals [(ED)(365

days/year)]; for chemical carcinogens, AT equals [(70 years)(365
days/year)]

2.1.6.2 Dermal Contact with Water

The estimate of intake of contaminants in water via absorption through the skin is determined
using the concentration of a chemical in the water source evaluated. Evaluation of the dermal
absorption pathway is performed for residents and construction workers exposed to
groundwater and trespassers, recreational users and maintenance workers exposed to surface
water using EPA default exposure parameters. The amount of a chemical taken into the body
upon exposure via dermal contact is referred to as an absorbed dose. The absorbed dose is

calculated using the dermal guidance contained in EPA 1989a, 1991b, and 1992b:

BW•AT

where:
1 = intake through skin from showering or wading (mg/kg/day)
Devent = absorbed dose per event (mg/cm2-event)
SA = skin surface area (cm2)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days); for noncarcinogens, AT equals [(ED)(365

days/year)]; for chemical carcinogens, AT equals [(70 years)(365
days/year)]

Devent for inorganics can be calculated as:

= K; Cj,,,
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where:

DAevent = Dose absorbed per unit area per event (mg/cm2-event)

K; = Permeability coefficient from water (cmlhr)

Cw = Concentration of chemical in water (mg/cm3)
teverd = duration of event (hr/event)

Devent for organics can be calculated as:

If <t*,then : = 2 K c6TLnt

or

If > t*,then: =K c. [tevent
+ 2r

where:
C concentration of constituent in water (mg/L)
K permeability constant (cmlhour)t lag time (hour)
B partitioning coefficient (unitless)
ET exposure time (hours)
It Pi(3.14)
C = time to equilibrium conditions (hours)

2.1.6.3 Inhalation of Volatiles Released from Groundwater

The amount of a chemical taken into the body via exposure to volatilization of chemicals is
evaluated using the concentration of a chemical in the water source (EPA, 1991 a). Intake from
the volatilization of chemicals in household water is calculated using the Andelman model
(EPA, 1991a):

= CKJR, •EFED1
BW•AT

where:
K = intake of volatile in water from inhalation (mg/kg/day)

= concentration of contaminant in water (mg/L)
K = volatilization factor (0.5 L/m3)
IR = inhalation rate (m3/day)
EF = exposure frequency (days/year)
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ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days); for noncarcinogens, AT equals [(ED)(365

days/year)]; for chemical carcinogens, AT equals [(70 years)(365
days/year)]

This exposure pathway will only be evaluated for organic chemicals with a Henry's Law
constant greater than 1 x iO and with a molecular weight of 200 g/mole or less (EPA, 1991a).

2.1.6.4 Incidental Ingestion of Sediment

The estimation of intake of contaminants in sediment is determined using the concentration in
sediment at the location of interest (EPA, 1989b).

- c5IRCFFIEFEDIs- BWAT

where:
intake from sediment (mg/kg-day)
concentration of contaminant in sediment (mg/kg)

IR ingestion rate (g/day)
CF conversion factor (10 kg/g)
FL fraction ingested from contaminated source (unitless)
EF exposure frequency (days/year)
ED exposure duration (years)
BW body weight (kg)
AT averaging time (days); for noncarcinogens, AT equals [(ED)(365

days/year)]; for chemical carcinogens, AT equals [(70 years)(365
days/year)]

2.1.6.5 Dermal Contact with Sediment

The estimation of intake of organic contaminants in sediment via absorption through the skin is
determined using the concentration in sediment at the location evaluated (EPA, 199 Ib).

AB5- BW•AT•TC

where:
AB5 = amount of constituent absorbed during contact with sediment (mg/kg-day)
C5 = concentration of constituent in sediment (mg/kg)
SA = skin surface area available for contact (cm2/event)
AF = skin adherence factor (mg/cm2)
ABS = absorption factor (unitless)

U.S. Air Force Center for Environmental Excellence
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CF = conversion factor (1O kg/mg)
EF = exposure frequency (events/year)
ET = event time (hours/day)
TC = time conversion (24 hours/day)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days); for noncarcinogens, AT equals [(ED)(365

days/year)]; for chemical carcinogens, AT equals [(70 years)(365
days/year)]

Chemical-specific ABS are presented in Tables 9 and 11.

2.1.7 Toxicity Assessment

The toxicity assessment describes appropriate toxicity values that are used to generate estimates
of potential health risks associated with chemical exposure. This is accomplished by
identifying appropriate sources of toxicity values and reviewing available information to
identify the most appropriate values to use in the assessment. In addition, the toxicity
assessment provides the basis for developing summaries of the potential toxicity of the COPCs
for inclusion in the risk assessment. This is accomplished by reviewing available information
on the toxicity of the COPCs and summarizing the factors pertinent to the exposures being
assessed.

Toxicity values used in the risk assessment are provided by the EPA (2000). The data used by
the EPA to guide the derivation of cancer slope factors (SFs) for carcinogenic effects and
reference doses (RfDs) for noncarcinogenic effects may include epidemiological studies, long-
term animal bioassays, short-term test, and comparisons of molecular structure. Data from
these sources are reviewed to determine whether a chemical is likely to be toxic to humans.
Because of the lack of available human studies, however, the majority of toxicity data used to
derive SFs and RfDs come from animal studies.

The most appropriate animal model, i.e., the species biologically most similar to the human, is
identified in the development of the RID. In the absence of sufficient data to identify the most
appropriate animal model, the most sensitive animal species is chosen. The RID is generally
derived from the most comprehensive toxicology study that characterizes the dose-response
relationship for the critical effect of the chemical. Preference is given to studies using the
exposure route of concern. In the absence of such data, however, an RID for one route of
exposure may be extrapolated from study data that was generated using a different route of
exposure. Uncertainty factors are applied to the highest no observed adverse effect level
(NOAEL) to adjust for inter- and intraspecies variation, deficiencies in the toxicological
database, and use of short-term rather than long-term animal studies.

SFs are classified in different groups according to the amount of evidence available that points
to the chemicals carcinogenicity. Weight-of-evidence Group A (human carcinogen) or Group
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B (probable human carcinogen) chemicals are generally derived from cancer studies that
adequately identity positive results, identif' the target organ in the test animal, and
characterize the dose-response relationship. SFs for Group C (possible human carcinogen)
chemicals are derived when data are sufficient, but are not derived for Group D (not classified)
or E (evidence of noncarcinogenicity) chemicals.

The toxicity assessment includes a list of toxicity values for both carcinogenic and
noncarcinogenic effects and toxicity profiles that summarize the data used to derive the toxicity
values. Toxicity values are presented in Tables 9 through 12. Toxicity profiles are provided
in Appendix B.

2.2 RISK CHARACTERIZATION

The purpose of the risk characterization step is to integrate the exposure and toxicity
assessments to generate quantitative expressions of cancer risk and noncancer hazard. The risk
characterization is performed in accordance with EPA risk assessment guidelines (EPA,
I 989a). To characterize potential noncarcinogenic effects, comparisons are made between
calculated intakes of chemicals and toxicity values. To characterize potential carcinogenic
effects, probabilities that an individual will develop cancer over a lifetime of exposure are
estimated from calculated intakes and chemical-specific dose-response infonnation.

Risk characterization serves as the bridge between risk assessment and risk management and
is, therefore, a key step in the ultimate site decision-making process. This step summarizes
risk assessment information for the risk manager to consider with other factors important for
decision-making such as economics, technical feasibility, and regulatory context. The
following sections provide separate discussions for carcinogenic and noncarcinogenic effects
because the methodology differs for these two modes of chemical toxicity. In addition to
providing methods for calculating risk estimates, this section provides information for the
interpretation of results with regard to the uncertainty associated with the estimates (EPA,
1989 a)

2.2.1 Carcinogenic Risk Estimates

Cancer risk will be compared to a target risk range of 1xlO to 1xlO". Total cancer risk from
all exposures can be summed:

Total Cancer Risk = Cancer Risk

where:
Total Cancer Risk = Total lifetime cancer risk from exposures to all chemicals

(unitless)
Cancer Risk = Lifetime cancer risk from exposures to chemical contaminant i

(i = 1.. .n) (unitless)
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Cancer risk from exposures to chemical contaminants can be estimated using the equation:

CancerRisk, =11 SF,

where:
Cancer Risk = lifetime cancer risk (unitless) from chemical contaminant i (i= 1.. .n)
I, = total daily intake of contaminant i (1=1. ..n) from indirect exposures

(mg/kg/day)
SF1 = slope factor ([mg/kg/day]1) for chemical contaminant i (1 = 1. .. n)

2.2.2 Noncancer Hazard Estimates

The hazard index (HI) is used to evaluate noncancer risk for any given target organ. The
target HI is 1. The Hazard Quotient (HQ) is used to evaluate noncancer toxicity of individual
chemical contaminants. The HQ represents the ratio of the dose received by the exposed
individual to the dose that is associated with no adverse effects, i.e. the threshold or RfD.
HQ5 that affect the same target organ (i.e., liver, kidney, etc.) are summed to obtain a HI for
an individual target organ. The HI can be estimated using the equation:

HI=)2HQ,

where:
HI = hazard index (unitless)
HQ1 = hazard quotient for chemical i (i = 1.. .n) (unitless)

The HQ for exposures to chemical contaminants which have noncancer health effects can be
estimated using the equation below:

HQ=
RJD1

where:
HQ1 = hazard quotient for chemical i (i = 1. . . n) (unitless)
I = total daily intake from exposures to chemical contaminant i (i =1.. .n)

(mg/kg/day)
RfD1 = reference dose for chemical i (i = 1. . . n) (mg/kg/day)

2.2.3 Development of Risk Maps

In order to generate risk maps (i.e., risk isopleth maps), it is necessary to estimate risk for
every location on the site map. This can be accomplished by calculating a unit risk value (risk
per mg/L) for each COPC and multiplying that value by every concentration value at each
point in a concentration plume map for the same COPC (see spreadsheets "Unit Risk" and
"Unit Hazard" in Appendix C for calculations). Note that in the spreadsheets (Appendix C), a
value of 1x1O is not assigned to a concentration of 1 mg/L. Rather, risk and hazard are
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calculated for each COPC when a concentration is fixed at 1 mg/L. This results in the values
presented in Tables 13 (Unit Risk Values for Carcinogenic Groundwater COPCs) and 14 (Unit
Hazard Values for Noncarcinogenic Groundwater COPCs). Using these "Unit Risks" (risk per
mg/L) and "Unit Hazard" (hazard per mg/L) values, risk and hazard can be calculated for any
groundwater concentration. These values are then used to create the risk and hazard isopleth
maps. Where the COPC was not detected, risk and HQ values were assigned a value of zero.
For example, if a plume of TCE is found in one area at concentrations that range from 1. 6x iO
mg/L to 1.6x1O' mg/L, a corresponding risk map will describe the TCE as a risk plume
ranging in cancer risk from approximately 1x104 to 1x1O for residential receptors.

These risk estimates are contoured (i.e., extrapolated) in the same manner as the concentration
contours. A similar procedure is followed for noncarcinogens using unit HQ values. Unit risk
and unit hazard values used to derive risk and hazard maps for the age-adjusted resident, the
child resident and the construction worker are presented in Table 14.

Contaminant Risk Maps were created for each of the following risk scenarios:

1) Cancer/Resident
2) Noncancer/Resident
3) Cancer/Construction Worker
4) Noncancer/Construction Worker

In addition to selected COPC-specific risk maps, total risk maps combining cancer risk for all
COPCs, and total hazard maps combining noncancer hazard for all noncarcinogenic COPCs
were prepared for each exposure scenario.

2.3 RESULTS OF THE HUMAN HEALTH RISK ASSESSMENT

Results of the human health risk assessment are grouped according to receptors. Risk and
hazard estimates for each receptor are discussed according to relevant media. The figures
referenced throughout this section display the hazard quotients and risks for each COPC. It
should be noted that many of the COPCs exceeding risk and hazard quotients are calculated
from data that were non-detect. These non-detects are noted on the figures and should be
considered when assessing true risks at the site.

2.3.1 Adult Resident

The age-adjusted resident was chosen as the representative residential receptor for carcinogenic
COPCs. The age-adjusted receptor is intended to evaluate exposures for the entire lifetime of
a resident living at the site. Figures 1 through 7 illustrate the risk isopleths for individual
groundwater carcinogenic COPCs. Risk in excess of 1x104 is seen in the northwest corner of
the site for risk drivers, TCE (Figure 2), vinyl chloride (Figure 3) and 1,1-DCE (Figure 4).
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An isopleth map of cumulative risk from all organic COPCs is provided in Figure 39.
Cumulative risk is found to be between 1x106 and 1x105 throughout the residential areas along
the southeast site border. Risk is estimated to be between 1x104 and 1x103 in the northwest
area that includes the golf course.

The only two COPCs found to exceed criteria for potential vapor intrusion to basements were
TCE and vinyl chloride (Section 2.4.4, Table 2). The portions of the TCE plume that intersect
residential areas in the greater portion of the south-west residential area represent risk less than
1x10 which corresponds to a TCE concentration less than 2.5 tg/L [(1x106/unit risk) =
concentration at 1x10 risk]. The TCE screening concentration for vapor intrusion into
basements is 2200 ig/L (Table 2). There is a three order of magnitude difference between the
TCE vapor intrusion screening criterion and the TCE groundwater concentrations in the
residential area. Likewise, the vapor intrusion screening criterion for vinyl chloride is 12
cg/L. The vinyl chloride groundwater concentration in the residential area (Figure 3) is
approximately 0.5 pg/L. Both TCE and vinyl chloride groundwater concentrations in the
residential area are less than their vapor intrusion screening criteria.

2.3.2 Child Resident

Child residents provide a more conservative receptor for the evaluation of noncarcinogenic
effects from groundwater exposures. Figures 17 through 24 illustrate the hazard isopleths for
individual groundwater noncarcinogenic COPCs. Hazard in excess of the target of 1 is seen
for PCE (Figure 17), TCE (Figure 18), cis-1,2-DCE (Figure 19), and chloroform (Figure 23).
Cumulative noncancer hazard for all organic COPCs is illustrated in Figure 38. The plume
area associated with residential areas (the southeast side of the site, is associated with
cumulative hazard less than 1. However, cumulative noncancer hazard for the residential
receptor is greater than 1 in the north-west corner associated with the golf course.

2.3.3 Construction Worker

Exposure to groundwater was also evaluated for the potential future construction worker. This
receptor would be the only receptor exposed to groundwater if institutional controls were in
place to restrict use of groundwater for residential use. Figures 9 through 15 illustrate the risk
isopleths for individual groundwater carcinogenic COPCs. There are no individual COPCs
that result in cancer risk to the construction worker in excess lx 10. In addition, cumulative
risk to all organic COPCs (Figure 37) is less than lxlO4.

Figures 27 through 35 illustrate the noncarcinogenic hazard isopleths for individual
groundwater noncarcinogenic COPCs. Noncarcinogenic COPCs associated with potential
hazard in excess of the target of 1 for the construction worker are TCE (Figure 28), cis-l,2-
DCE (Figure 29) and vinyl chloride (Figure 30). Cumulative hazard in excess of 1 for the
construction worker (Figure 40) is found throughout the north-west portion of the site in areas
associated with the golf course.
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2.3.4 Trespasser

A summary of the cancer risk and hazard (non-cancer) estimates associated with trespasser
exposures to surface water and sediment is presented in Table 15.

2.3.4.1 Surface Water

At 1.5x1ff8, the cancer risk for the RME trespasser exposed to surface water falls below the
EPA point of departure of lxi V. The noncancer hazard for exposures to surface water
(0.0025) is below the limit of i.

2.3.4.2 Sediment

The cancer risk for the RME trespasser (2.5x108) exposed to sediment is below the EPA point
of departure of ixlV. The noncancer hazard for exposure to sediment (0.0027) is below the
limit of 1.

2.3.4.3 Cumulative Across All Media

The cumulative cancer risk for the RME trespasser exposed to surface water and sediment is
4. lxlO8, which is below the departure point of 1x106. The cumulative noncancer hazard for
the RME trespasser exposure to surface water and sediment is 0.0053, which is below the limit
of 1.

2.3.5 Maintenance Worker

A summary of the cancer risk and hazard (non-cancer) estimates associated with maintenance
worker exposures to surface water and sediment is presented in Table 16.

2.3.5.1 Surface Water

At 5 .5x108, the cancer risk for the RME maintenance worker exposed to surface water falls
below the EPA point of departure of lxlO4. The noncancer hazard for exposures to surface
water (0.0022) is below the limit of 1.

2.3.5.2 Sediment

The cancer risk for the RME maintenance worker (3.9x108) exposed to sediment is below the
EPA point of departure of lx l0. The noncancer hazard for exposure to sediment (0.0009) is
below the limit of 1.
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2.3.5.3 Cumulative Across All Media

The cumulative cancer risk for the RME maintenance worker exposed to surface water and
sediment is 9.4x108, which is below the departure point of ixiOt The cumulative noncancer
hazard for the RME maintenance worker exposure to surface water and sediment is 0.0032,
which is below the limit of 1.

2.3.5.4 Recreational User

A summary of the cancer risk and hazard (non-cancer) estimates associated with recreational
user exposures to surface water and sediment is presented in Table 17.

2.3.5.5 Surface Water

At 4.7x10, the cancer risk for the RME recreational user exposed to surface water falls below
the EPA point of departure of 1x10. The noncancer hazard for exposures to surface water
(0.0045) is below the limit of 1.

2.3.5.6 Sediment

The cancer risk for the RME recreational user (3.3x108) exposed to sediment is below the
EPA point of departure of ixiOt The noncancer hazard for exposure to sediment (0.0019) is
below the limit of 1.

2.3.6 Cumulative Across All Media

The cumulative cancer risk for the RME recreational user exposed to surface water and
sediment is 8.0x108, which is below the departure point of 1x10. The cumulative noncancer
hazard for the RME recreational user exposure to surface water and sediment is 0.0064, which
is below the limit of I.

2.4 UNCERTAINTY ASSESSMENT

Calculated risk estimates are subject to varying degrees of uncertainty from a variety of
sources. Areas of uncertainty in a risk assessment can be categorized as: generic or
methodological and site-specific. Methodological uncertainties are those that are inherent to
the methods or procedures used for risk assessments (e.g., policy decisions made to reflect
EPA's desire to err on the side of conservatism). Site-specific areas of uncertainty are those
characteristics of the site or the investigation of the site that could result in overestimates or
underestimates of risk. The most significant sources of uncertainty in the risk assessment are
itemized and evaluated qualitatively for their potential to contribute to either the over- or
underestimation of risk. Specific areas of uncertainty are discussed in following sections.
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2.4.1 Methodological Uncertainty

There are four major areas of methodological uncertainty: uncertainty in the estimation of
contaminant concentration, uncertainty in the estimation of exposure, uncertainty in the
estimation of toxicity, and uncertainty in the estimation of risk.

2.4.2 Contaminant Concentration

It is not possible to completely characterize the nature and extent of contamination at any site.
In selecting COPCs, and in estimating concentrations, uncertainties arise from limits on the
number and locations of environmental samples that can be collected to characterize a site and
from eliminating constituents that are infrequently detected. These limitations may tend to
over- or underestimate risk. The use of the 95 percent UCL of average contaminant
concentrations or maximum detected concentrations tend toward a conservative, health-
protective bias. However, when evaluating constituents with low detection frequencies, the
use of the maximum detected concentration, in some instances, over estimates average
exposures by an order of magnitude or more. Since exposures to any medium can be more
accurately reflected by evaluating media concentrations over some area rather than by a single
point, exposure estimates using maximum detected values overestimate the exposure for most
exposed individuals.

2.4.3 Exposure Assessment

Standard assumptions for population characteristics, such as body weight or life expectancy,
and exposure characteristics, such as frequency, duration, amount of intake or contact may not
represent actual exposure conditions. Standard exposure assumptions are used to characterize
residential groundwater used to varying degrees in all of the pathways exposures. For
example, the assumption that a population receives all of their liquid intake from one source is
generally recognized as an overestimation of exposure. In addition, exposure is estimated over
the lifetime of the resident, in the case of the age-adjusted resident used to estimate
carcinogenic risk from groundwater exposure, and to the entire childhood time, in the case of
the child resident used to estimate noncancer risk from groundwater exposure. This attempt to
average exposure becomes necessary in the interest of simplifying the risk assessment. The
alternative would be to calculate estimates for every year of a receptor's life, which would still
be fraught with inaccuracies. This is not only true for the residential receptors. Assumptions
made to characterize exposures for each receptor, whether construction worker, trespasser, or
recreational user are based on best professional judgement. The reader must recognize that all
exposure estimates are just that, estimates, and not measurements of actual exposure.

2.4.4 Toxicity Assessment

The principal uncertainties associated with the toxicity assessment are:
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• Extrapolation of toxic effects observed at the high doses necessary to conduct
animal studies to effects that might occur at much lower doses; and

• Extrapolation from toxic effects in animals to toxic effects in man.

For noncancer effects, these uncertainties are given numerical value by using an uncertainty
factor, which is actually a product of as many as five separate factors, each intended to account
for one type of uncertainty (EPA, 1998). For cancer effects, the uncertainty is addressed by
estimating the 95 percent upper bound on the slope of the dose-response curve (EPA, 1998).
The SFs used in this risk assessment were obtained from EPA sources (IRIS, NCEA,
HEAPT). The basis of EPA policy in the derivation of toxicity values is to err on the side of
conservatism, which may tend to overestimate risk. However, uncertainties associated with
the lack of published toxicity data on many constituents would tend to balance any
overestimation of risk by tending to underestimate risk from these constituents.

2.4.5 Risk Characterization

Risk is assumed to be additive for chemicals with similar sites of toxicological action. In the
event that any combinations of these chemicals result in multiplicative effects, risk may be
underestimated. Furthermore, many assumptions made in the application of SFs and RE) 's are
uncertain. For example, the estimate of dermal risk and hazard are based on extrapolations
from oral doses since data are lacking for dermal exposures. Although current EPA
methodology typically leads to conservative estimates, the magnitude of the error associated
with these extrapolations is unknown.

2.4.6 Site-Specific Uncertainties

Site-specific uncertainties can be categorized into two major areas: analytical methodology and
background. Each of these areas will be discussed in the context of the impact on risk
assessment.

• Analytical Methodology: Some uncertainty may be introduced by combining
the data sets from multiple investigations because there are differences in the
compounds that have been analyzed, methods used to collect the samples and
differences in the laboratory analytical procedures.

• Background: Background was evaluated for inorganics only. EPA recognizes
that some organic constituents are found as anthropogenic background
constituents. These chemicals are present on a site as a function of human
activity. For example, polyaromatic hydrocarbons, byproducts of combusion of
fossel fuel, may be found in sediment due to runoff from industrialized areas.
In this risk assessment, only inorganic chemicals were included in the
background comparison. Since anthropogenic organic chemicals were not
evaluated as background constituents, risk may be overestimated.
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A risk assessment of a site is ultimately an integrated evaluation of historical, chemical,
analytical, environmental, demographic, and toxicological data that are as site-specific as
possible. To minimize the possibility of underestimating risk, each step is biased toward
health-protective estimations. Because each step builds on the previous one, this biased
approach attempts to compensate for risk assessment uncertainties that underestimate true risk.
In addition, these calculations do not represent currently existing or expected future exposure
or health risks. Rather, they are estimates of potential risk only if all of the conservative
exposure assumptions are realized. This risk assessment does not represent a worst-case
scenario, therefore, the potential for underestimating some risks to some receptors, however
unlikely, does exist.
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3.0 ECOLOGICAL RISK ASSESSMENT

An ecological risk assessment is a process that can be used to estimate the risk or probability of
adverse effects to biota. Estimates of risk to biota based on this ecological risk assessment can
be used to determine if risks are acceptable or if further assessment is necessary.

Ecological risk assessment is a qualitative and/or quantitative appraisal of the actual or
potential effects of chemical or physical stressors on plants and animals other than people and
domesticated species. The objective of this ecological risk assessment is to determine whether
any potential adverse ecological effects may be caused by exposure to potential contaminants in
surface water and sediment at the BRAC property. This objective is met by characterizing the
representative ecological community in the vicinity of the surface water body, determining the
particular hazardous substances associated with the surface water body, identi'ing pathways
for receptor exposure, and determining the extent to which response actions are necessary.

The State of Texas has recently published ecological risk assessment guidance (TNRCC,
2000). This guidance applies to sites regulated within the TNRCC's Remediation Division.
Although this site is regulated under CERCLA, and since this guidance mirrors the EPA's
Ecological Risk Assessment Guidance for Superfund (EPA, 1997b), and the Tn-Service
Procedural Guidelines for Ecological Risk Assessments (Wentsel, et al., 1996), the TNRCC
guidance was used as the primary guidance document in performing this ecological risk
assessment.

The TNRCC ecological risk assessment methodology is a tiered approach to assessing
ecological risk. Tier 1 is an exclusion criteria checklist (Appendix D). If the site does not
meet the exclusion criteria, a Tier 2, screening-level ecological risk assessment, is conducted.
The Tier 2 assessment includes:

1) A comparison of detected constituent concentrations for non-bioaccumulative
COPCs to established ecological benchmarks.

2) The identification of communities and major feeding guilds and their
representative species which are supported by habitats at the site.

3) The development of a conceptual model that depicts the movement of COPCs
through media to communities and the feeding guides.

4) A discussion of COPC fate and transport and toxicological profiles.
5) The preparation of a list of input data which includes values from the literature

(e.g., exposure factors, intake equations, no-observed-adverse-effect-level
(NOAEL) and lowest-observed-adverse-effect-level (LOAEL) values
references), reasonably conservative exposure assumptions, and the calculation
of the total exposure to selected ecological receptors from each COPC not
eliminated according to item number 1.

6) The utilization of an ecological hazard quotient methodology to compare
exposures to NOAELs in order to eliminate COPCs that pose no unacceptable
risk (i.e., NOAEL hazard quotient less than 1). If all COPCs are eliminated at
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this point, the ecological risk assessment process ends. Otherwise, the process
continues.

7) The utilization of less conservative assumptions for exposure for re-calculating
the hazard quotients. If all COPCs are eliminated at this point, the ecological
risk assessment process ends. Otherwise, the process continues.

8) The development of an uncertainty analysis that discusses the major areas of
uncertainty associated with the screening level ecological risk assessment. If all
COPCs are eliminated at this point, the ecological risk assessment process ends.
Otherwise, the process continues.

9) The calculation of medium-specific protective concentration levels (PCL5)
bounded by NOAELs and LOAELs for those COPCs which are not eliminated
as a result of the hazard quotient exercises or the uncertainty analysis.

10) Development of recommendations for managing ecological risk at the site based
on final PCLs. Recommendations can also be made for proceeding with a Tier
3 evaluation.

3.1 PROBLEM FORMULATION

This section presents the problem formulation that establishes the goals, breadth, and focus of
the ecological risk assessment through an evaluation of Constituents of Potential Ecological
Concern (COPEC), a characterization of the ecological communities, a selection of assessment
and measurement endpoints, an identification of ecological receptors, and a presentation of an
ecological CSM. As stated in Section 2.0, soil is not included in this risk assessment.
Therefore, potential adverse affects to terrestrial plants will not be addressed in this ecological
risk assessment.

3.1.1 Conceptual Site Model

The CSM for this ecological risk assessment identifies pathways by which ecological receptors
may be exposed to COPECs in contaminated media. Exposure pathways evaluated in this
ecological risk assessment include direct exposures to sediment and surface water, and indirect
exposures through the food chain. Figure 45 provides a graphical representation of the CSM
for this site. The ecological exposure pathways for each medium are described below.

The data listed on Plates 2 and 3 were used in calculating the risks to surface water and
sediment. The majority of these data were collected by HydroGeoLogic in 1997. This data set
was chosen because it is the only event which contained analyses for a full suite of metals,
VOCs, and SYOCs. Historical concentrations of TCE are given in Appendix H.

3.1.1.1 Surface Water Exposure Pathway

The main surface water bodies on the BRAC property are Farmers Branch, an unnamed
tributary that flows into Farmers Branch, and two ponds on the Carswell AFB golf course
(Plates 1-3). Farmers Branch is culverted within an aqueduct beneath the flightlines before its
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discharge onto the BRAC property. Surface drainage in the Flightline Area is generally to the
north and east toward Farmers Branch. Farmers Branch ultimately discharges to the West
Fork of the Trinity River, located on the eastern boundary of Carswell AFB. Several seeps
exist along Farmers Branch as mapped in Figure 46. The evaluation of groundwater flow at
the Flightline Area suggests that the surface water bodies may receive groundwater inflow, and
possibly contaminants associated with the groundwater. In 1990, a staff gage was installed in
Farmers Branch and surveyed. Synoptic groundwater and surface water-level measurements
made in June 1990 were used to estimate flow volumes and evaluate Upper Zone
groundwater/surface water communication (Radian 1991). Estimated flow volumes at the time
of sampling (April 1990) were approximately 6 cubic feet/second (cfs) for the four locations on
Fanners Branch and approximately 0.2 cfs for the unnamed tributary. Water in the two ponds
appeared stagnant at the time of sampling, and at most other times. Observed flow in Fanners
Branch during field activities was extremely variable, ranging from <5 to > 100 cfs
(following heavy rains). Pictures of Farmers Branch are shown in Appendix F.

Surface water represents a potential transport medium for the COPECs. Potential sources for
contaminated surface water for this assessment includes seepage of groundwater. Potential
receptors of contaminated surface water include terrestrial and aquatic fauna and aquatic flora.
Exposure routes for contaminated surface water include ingestion by terrestrial fauna, and
uptake and absorption by aquatic flora and fauna. Consumption of bioaccumulated
contaminants constitutes a potential indirect exposure pathway for faunal receptors. Chemical
bioavailability of some metals and other chemicals is controlled by water hardness, pH, and
total suspended solids.

3.1.1.2 Sediment Exposure Pathway

Sediment consists of materials precipitated or settled out of suspension in surface water.
Potential contaminant sources for sediment in this assessment includes seepage from
groundwater. Potential receptors of chemicals in contaminated sediment include wetland and
aquatic flora and fauna. Direct exposure routes for contaminated sediment include uptake by
wetland flora and benthic fauna. Indirect exposure pathways from sediment include
consumption of bioaccumulated contaminants by consumers in the food chain. Chemical
bioavailabiity of some (nonpolar) organic compounds decreases with increasing concentrations
of total organic carbon in sediment; however, these compounds can still bioaccumulate up the
food chain (Landrum and Robbins, 1990). -

3.1.1.3 Groundwater Exposure Pathway

Groundwater represents a potential transport medium for COPECs. Potential contaminant
sources for groundwater include contaminated soil, and buried or stored waste. The release
mechanism for contaminants into groundwater is direct transfer of contaminants from waste
materials to water as water passes through the materials.
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Groundwater itself is not an exposure point. Contaminant transport along the shallow
groundwater pathway may be an exposure route to aquatic life, wetlands, and some wildlife
where the groundwater discharges to surface water. The potential impact of groundwater to
surface water has been examined though direct sampling and evaluation of surface water.

3.1.2 Selection of Assessment and Measurement Endpoints

The protection of ecological resources, such as habitats and species of plants and animals, is a
principal motivation for conducting an ecological risk assessment. Key aspects of ecological
protection are presented as policy goals. These are general goals established by legislation or
agency policy that are based on societal concern for the protection of certain environmental
resources. For example, environmental protection is mandated by a variety of legislation and
government agency policies (e.g., CERCLA, National Environmental Policy Act). Other
legislation includes the Endangered Species Act 16 U.S.C. 1531-1544 (1993, as amended) and
the Migratory Bird Treaty Act 16 U.S.C. 703-711(1993, as amended). To determine whether
these protection goals are met at the site, assessment and measurement endpoints have been
formulated to define the specific ecological values to be protected and to define the degree to
which each may be protected.

An ecological endpoint is a characteristic of an ecological component that may be affected by
exposure to a chemical and/or physical stressor. Assessment endpoints represent
environmental values to be protected and generally refer to characteristics of populations and
ecosystems (Suter, 1993). Unlike the human health risk assessment process, which focuses on
individual receptors, the ecological risk assessment focuses on populations or groups of
interbreeding nonhuman, nondomesticated receptors. In the ecological risk assessment
process, the risks to individuals are assessed only if they are protected under the Endangered
Species Act, as well as species that are candidates for protection and those considered rare.
No such special-status species are known to occur in the habitats potentially affected by
groundwater contaminant plumes on the Former Carswell AFB Appendix E.

Given the diversity of the biological world and the multiple values placed on it by society,
there is no universally applicable list of assessment endpoints. Suggested criteria that were
considered in selecting assessment endpoints suitable for this ecological risk assessment are:
(1) ecological relevance, (2) susceptibility to the contaminant(s), (3) accessibility to prediction
and/or measurement, (4) societal relevance, and (5) definability in clear, operational terms
(Suter, 1993). Assessment and measurement endpoints are represented by benchmark
screening criteria for surface water and sediment and toxicity reference values for wildlife, as
described in Section 2.3.

3.1.2.1 Assessment Endpoints

The assessment endpoints for Former Carswell AFB are stated as the protection of long-term
survival and reproductive capabilities for mammals and birds that occupy the various trophic
levels of the potentially affected ecological community, as well as the long-term viability of the
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populations of invertebrate and vertebrate populations that form the prey base of this
community. The corresponding null hypothesis (Ho) for each of the assessment endpoints is
stated as: the presence of site contaminants within surface water and sediment will have no
effect on the survival or reproductive capabilities of herbivorous, omnivorous, and carnivorous
mammals and birds, or on the continued existence of invertebrate and vertebrate populations in
both on-site and downstream habitats.

Assessment receptor species were selected based on the likelihood of finding the species at the
Former Carswell AFB. Historical information, potential occurrence in affected habitats, and
the availability of toxicological data were used to select receptor species. Specific receptor
species were used as indicators of potential risk to vertebrates at various trophic levels of the
community. Potential risks to benthic and aquatic invertebrates were evaluated generically,
without specifying indicator species.

3.1.2.2 Measurement Endpoints

Measurement endpoints are defined as a measurable ecological characteristic that is related to
the valued characteristic chosen as the assessment endpoint (USEPA, 1 992e). Measurement
endpoints are frequently numerical expressions of observations (e.g. toxicity test results or
community diversity indices) that can be compared statistically to detect adverse responses to a
site contaminant. Examples of typical measurement endpoints include mortality, growth or
reproduction in toxicity tests; individual abundance; species diversity; and the presence or
absence of indicator data in field surveys of existing impacts (USEPA, 1994c).

For this assessment measurable responses to stressors include LOAEL and NOAEL (for
mammalian and avian species), and media-specific ecological screening benchmarks (for
benthic and aquatic species). The most appropriate measurement endpoints were chosen based
on exposure pathways as well as ecotoxicity of the contaminant.

3.1.3 Identification of Representative Ecological Receptors

This section presents the selection and rationale for representative terrestrial and aquatic
ecological receptors at the site. The selection of ecological populations of potential concern
focused on key species that are indicators of risk to various levels of the trophic structure in
both terrestrial and aquatic communities that use the stream habitats of Farmers Branch Creek.
The habitat conditions of this area are dominated by the highly landscaped nature of the golf
course that surrounds it (see photos in Appendix F). Surface water features include both lotic
reaches of the creek, which are not perennial, and lentic features, which include two golf
course ponds and perennial pools within the creek channel. Steep banks of this channel and
golf course landscaping to the edge of the channel have severely limited the development of a
riparian community along Fanners Branch Creek. Therefore, actual use of this habitat by the
wildlife represented by the selected receptor species is also expected to be limited. For this
reason, exposures estimated in this assessment are considered conservative.
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3.1.3.1 Aquatic

Exposure to aquatic organisms within the water bodies is assumed to occur via direct exposure
to contaminants in the water and via ingestion of benthic invertebrates and pelagic prey
exposed to contaminants in surface water and sediment. Potential effects to vertebrates (fish,
amphibians, and reptiles), macroinvertebrates, and phytoplankton (algae) were assessed using
available surface water and sediment quality benchmarks for the protection of aquatic life.
Adverse effects to aquatic species are evaluated though comparisons with surface water and
sediment screening benchmarks as provided by TNRCC (2000).

3.1.3.2 Terrestrial

Indicator species represent two classes of vertebrate wildlife, mammals and birds. For each of
these classes, a representative species for the three major trophic levels (herbivores,
onmivores, and carnivores) that may use the affected habitat were selected. The four mammal
species selected include the deer mouse (Peromyscus maniculatus), the eastern cottontail
(Sylvilagus floridanus), the raccoon (Procyon lotor), and the mink (Mustela vison). The three
species of birds selected include the northern bobwhite (Colinus virginianus), the common
snipe (Gallinago gallinago), and the American bittern (Botaurus lentiginosus).

Of these receptors, the deer mouse has the most limited home range which makes it
particularly vulnerable (i.e., conservative) to site contaminants. The selected terrestrial
receptor species have a potential to occur at the site and sufficient toxicological information is
available in the literature for comparative and interpretive purposes. In addition, all of the
selected species are likely to occur after site remediation (if risk management decisions require
it), and all are important to the stability of the local ecological food chain and biotic
community. Finally, all the selected species have readily available exposure data, as
summarized in the Wildlife Exposure Factors Handbook (USEPA, 1993) and other sources.
The deer mouse, eastern cottontail, raccoon, and bobwhite are known to inhabit areas that are
urbanized and adapt readily to human-altered habitats. Since much of this area is a golf course
(and is expected to remain a golf course), the diversity of wildlife occurring there is probably
limited.

The following sections present brief receptor profiles for the representative receptors selected
for the site.

Deer Mouse (Feronzyscus enaniculatus). This medium-sized mouse is found in the eastern
United States from the Hudson Bay to Pennsylvania, the southern Appalachians, central
Arkansas and central Texas. In the west it is found from Mexico to the south Yukon and
Northwest Territories (Whitaker, 1995). Deer mice habitat includes nearly every dry land
habitat within its range, including forest, grasslands, or a mixture of the two (Burt and
Grossenheider, 1980). Nocturnal and active year-round, these mice construct nests in the
ground, trees, stumps, and buildings (Burt and Grossenheider, 1980). Omnivorous, the deer
mouse feeds on nuts and seeds (e.g., jewel weed and black cherry pits), fruits, beetles,

U.S. Air Force Center for Environmental &cellence
M \Dcliver,ble.\AFCEE\DO2Frnal RA\RII-OI 753 cioc 3-6 HydmGcoLogic, bt 11/30/01



710 49
HydroGeoLogic, Inc. —Baseline Risk Assessment—Former Carswell AFB, Texas

caterpillars, and other insects. Their home range is 0.5 to 3 acres (Burt and Grossenheider,
1980). Density of populations is 4 to 12 mice per acre, and average life span is two years in
the wild (Burt and Grossenheider, 1980). The breeding season is from February to November,
depending on latitude. Three to five young are born in each of two to four litters per year
(Burt and Grossenheider, 1980). They are greyish to reddish-brown with a white belly, with a
distinctly short-haired, bicolor tail (Whitaker, 1995). Weight range is 14.8 (USEPA, 1993) to
33 grams (Whitaker, 1995).

Eastern Cottontail (Sylvilagus floridanus). The eastern cottontail is found over a large part
of the eastern United States from the Massachusetts to the Dakotas, and south into New
Mexico and Arizona, including the entire state of Texas (Burt and Grossenheider, 1980). This
cottontail is found in a variety of habitats, including prairies, woodlands, hardwood and boreal
forests, swamps, and deserts (USEPA, 1993). In open habitats, they tend to feed primarily at
night. They are entirely herbivorous in diet, eating both herbaceous and woody plant material.
Females will construct nests in slanting burrows in the ground (EPA, 1993). In Texas,
breeding may be year-round, with 4 to 5 litters of 1 to 8 young born to a female each year
(Davis, 1966). Their home range is 3 to 20 acres (Burt and Grossenheider, 1980). Densities
of eastern cottontail populations may be 1 animal per 4 acres or higher (Burt and
Grossenheider, 1980). Mean adult body weights range from approximately 1.1 to 1.3
kilograms (USEPA, 1993).

Raccoon (Procyon lotor). This medium-sized mammal is found throughout most of the United
States, including all of Texas (Davis, 1966). Raccoons are usually found near water. They
are nocturnal and do not hibernate, but may be less active during cold weather. They typically
use hollow trees or logs for dens. Mature females typically produce a single litter of from one
to seven young each year (Davis, 1966). Raccoons are omnivorous and opportunistic in
feeding habits. Their diets may consist of a variety of plant material (e.g., fruits, nuts, and
grains), aquatic and terrestrial invertebrates, and small vertebrates (USEPA, 1993). Average
home ranges vary from 96 to over 6,000 acres (USEPA, 1993). Weights of adult raccoons
range from 3.7 to 7.6 kg (USEPA, 1993).

Mink (Mustela vison). This small, carnivorous mammal is found throughout the eastern and
northern parts of the United States, including eastern Texas (Davis, 1966). As with raccoons,
mink are usually found near water, especially small streams. They are active year-round.
Mink den in burrows along stream banks (often burrows dug by other species) or under roots
or plant debris. Mature females typically produce a single litter of from four to eight young
each year (Davis, 1966). Mink diets consist of a wide variety of animal prey, including
invertebrates, fish, frogs, snakes, small manirnals, and birds (USEPA, 1993). They may also
eat carrion (Davis, 1966). Measured home ranges vary from 19 to over 1,900 acres (USEPA,
1993). In Sweden, individual mink have been observed to range over 0.6 to 3 miles of stream
length (USEPA, 1993). Weights of adult mink range from 0.55 to 1.7 kg (USEPA, 1993).

Northern Bobwhite (Colinus virginianus). Northern bobwhites are ground-dwelling birds
with short, heavy bills adapted for foraging on the ground for seeds and insects. Bobwhites
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inhabit brush, abandoned fields, and open woodlands; some inhabit parklands. They are poor
flyers that seldom leave the ground and do not migrate. They range from southern Maine to
southeastern Wyoming, and south to Florida and across Texas to eastern New Mexico. These
quail forage during the day, primarily on the ground or in a light litter layer less than 5 cm
deep. Seeds from weeds, woody plants, and grasses comprise the majority of the adult quail's
diet. In some areas, quail can acquire their daily water needs from dew, succulent plants, and
insects; in more arid areas; however, bobwhites need surface water for drinking. In breeding
season, the quail's home range includes foraging areas, cover, and the nest site and may
encompass several hectares (USEPA, 1993).

Common Snipe (Gallinago gallinago). Common snipes are ground-dwelling birds with
relatively long, stout bills adapted for probing for prey. Snipes breed in boreal forests of the
northern United States and Canada, but migrate to the southern United States and Mexico for
the winter. Their wintering range includes most of Texas (National Geographic Society,
1983). Snipes forage around water and wetland areas, feeding on both plant and animal items.
Their diet consists of about 55 percent plant material and 45 percent animal prey (primarily
aquatic and benthic invertebrates, and some fish) (Mueller, 1999). Weights of the common
snipe range from 116 g for females to 128 g for males (Dunning, 1993).

American Bittern (Botaurus lentiginosus). The American bittern is relatively small member
of the heron family (Ardeidae) that is a common inhabitant of wetlands and creeks across most
of the United States and southern Canada. It tends to be secretive and generally ground-
dwelling. Although migratory, in eastern and central Texas, it may be present throughout the
year (National Geographic Society, 1983). American bitterns forage around water and wetland
areas, feeding primarily on animal prey, including both invertebrates (insects and crayfish) and
vertebrates (fish, frogs, and small mammals) (Martin et al., 1951; Gibbs et al., 1992).
Weights of the American bittern range from 520 to 1,072 g, with an average of 706 g
(Dunning, 1993).

3.2 EXPOSURE ESTIMATION

Risk is estimated by comparing reasonable maximum exposure levels (i.e., levels based on
95% UCL concentrations) with the screening-level ecotoxicity values. For aquatic receptors,
exposure is based directly on the measured concentrations in the media (surface water and
sediment) with which the receptors are in direct contact. For terrestrial wildlife receptors,
methods for quantifying intake for each species of concern and each media are presented in
EPA (1993). Intake for a receptor is estimated as the sum of the intakes from each applicable
pathway for that receptor. Applicable pathways may include direct exposure to COPECs in
sediment and surface water, and exposures through the ingestion of food items that may
bioaccumulate COPECs from their environment, either directly from surface water and
sediment or indirectly through food consumptions. The estimated total intake of the receptor is
then compared with NOAELs and LOAELs described above to estimate potential risk.
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3.2.1 Estimation of Total Intake by Wildlife Receptors -

The general equation used to estimate sediment intake by the mammalian and avian wildlife
receptor species is described below (TNRCC, 2000):

(IR,, .C1 •EMF1)÷(JR SC,, .EMF)+(JR •C,, .EMF,O)+(IRSd .CSd .EMFSd)Dose,.z=
SW

where:
Doseorai = estimated daily dose from ingestion (mg/kg-day)IR = ingestion rate of medium x; where potentially ingested media are food (x

= 0, water (x = w), soil (x = so), and sediment (x = sd) (kg dry
weight/day when the medium is food, soil, or sediment; L/day when the
medium is water)

C = contaminant concentration in medium x (mg/kg dry weight when the
medium is food, soil, or sediment; mg/L when the medium is water)

EMF = exposure modifying factor for medium x (unitless)
BW = receptor body weight (kg)

Input parameters for each species of concern are provided in Table 18. The exposure
modifying factor (EMF) for each medium is a value between 0 and 1, inclusive, that takes into
account a seasonal use of the site (or of the specific medium) by the receptor or partial use of
the site or medium due to home range size. In this assessment, doses are initially estimated
under the assumption that the receptors are confined to the site area over a time sufficient for
the dose to be considered chronic. Therefore, all EMFs are initially assumed to be 1. Refined
estimates of EMFs (as shown in Table 18) are based on comparisons of IRP site area with
known foraging area data for the species under evaluation, as described for each receptor
species in Section 2.4.

For the site currently under investigation, COPEC contamination is only being evaluated in
water and associated sediments. Soil is not considered a medium of concern, and therefore,
the soil term in the above equation is 0. However, it is recognized that during dry seasons
(and especially during drought years), surface water may not always be present in the
drainages being evaluated, and the sediments in these drainages may dry out and function as
soil. No distinction is made in this assessment between wet sediment and dry sediment in the
estimation of potential exposures to the wildlife receptors.

3.2.2 Estimation of Food Intake

In the general equation described above for total intake, the term for intake through the food
ingestion pathway assumes all exposure is from a single food type. Of the receptors used in
this assessment, this condition is only true for the species modeled as herbivores (i.e., the
eastern cottontail and the northern bobwhite). For the receptors modeled as onmivores and
carnivores, multiple food items comprise the diet. These may include classes of food items
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such as plants, aquatic and benthic invertebrates, fish, and small mammals as specified for that
receptor. The dietary composition of each species of concern is provided in Table 18. For
those species with multiple food items in the diet, the contaminant concentration in food is
defined as:

p

where:
Cf = average contaminant c'oncentration in the diet of the receptor (mg/kg dry

weight)
P1 = the proportion of the ith food item in the diet of the receptor (unitless)
C1 = contaminant concentration in the ith food item in the diet of the receptor

(mg/kg dry weight)
k = the number of food items in the diet of the receptor

The COPEC concentrations in the plant tissues were modeled using soil-to-plant transfer
factors. For inorganic COPECs, the transfer factors specific to aboveground plant tissue from
TNRCC (2000) were used when available. Otherwise, transfer factors (not specific to
aboveground tissues) from Baes et al. (1984) were used. For the organic COPECs, chemical-
specific transfer factors from EPA (1995d) were used. These transfer factors are presented in
Table 19. The model for estimating plant tissue concentration based on the soil-to-plant
transfer factor is:

Ci,, =TP3, 'CSd

where:
Cp the COPEC concentration in plant tissue (mg/kg dry weight)
TFsp the soil-to-plant transfer factor (unitless)
Ga the COPEC concentration in sediment (mg/kg dry weight).

Tissue concentrations in the aquatic invertebrate and fish prey items in the diets of the
omnivorous and carnivorous receptors were modeled from water concentrations using
bioconcentration factors (BCFs). In these aquatic prey animals, the concentrations of COPECs
are the result of both direct uptake from the surrounding surface water and uptake with
ingested food, which is influenced by the trophic level of the organism. Therefore, COPEC
concentrations in fish are actually determined by the use of bioaccumulation factors (BAF5),
which include all uptake pathways. For inorganic COPECs, BCFs and BAFs are considered to
be equal (Sample et al., 1996). For organics, BAF values from EPA (1995d) were used to
estimate COPEC concentrations in fish and invertebrates. The model for estimating these
concentrations is:

C1=BAF 'C.CF
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where: -

Cf = the COPEC concentration in the fish or invertebrate tissue (mg/kg dry
weight)

BAF = the bioaccumulation factor (L/kg)
C = the COPEC concentration in surface water (mg/L)
CF = the conversion factor for wet weight to dry weight concentrations in fish or

invertebrates (based on the water content in bony fish of 75 and in aquatic
invertebrates of 77 percent [USEPA, 1993], where CF = 1/[1-percent
water]).

The BCFs and BAFs were taken from various literature sources and are presented in Table 27.
When a BCF or BAF specific to invertebrates could not be found, the corresponding value for
fish was used as default. The BAF for bis(2-ethylhexyl)phthalate for fish from the EPA
(1995d) was lipid-based. A lipid content of 7.1 percent was used for the fish, based on the fat
content of carp (DIem and Lentner, 1970). The full BAF was conservatively applied to the
invertebrate.

Tissue concentrations in the benthic invertebrate prey items in the diets of the omnivorous and
carnivorous receptors were modeled from sediment concentrations using biota-sediment
accumulation factors (BSAFs) as presented by Bechtel Jacobs Corporation (BJC, 1998) and
based on the mean BSAF for depurated organisms. The model for estimating these
concentrations is:

C,,, = BSAF C51

where:
0, = the COPEC concentration in the benthic invertebrate tissue (mg/kg dry

weight)
BSAF = the biota-sediment accumulation factor (kg sediment/kg tissue)

= the COPEC concentration in sediment (mg/kg)

When a BSAF was not available for a COPEC, it was initially estimated using equilibrium
partitioning into the sediment pore water and then modeled into the invertebrate tissue using
the aquatic invertebrate BCF model described above. For inorganic COPECs, the sediment-
water partition coefficient (Ks,) from Baes et al. (1982) was used to estimate the pore water
concentration. For cis-1 ,2-dchloroethylene, the pore water concentration was based on the
organic-carbon-normalized sediment-water partition coefficient (K) (EPA, 1 995d), using an
estimated organic carbon fraction of 0.01. In three cases (iron, manganese, and vanadium),
the BSAFs estimated from the Kd values resulted in unreasonably high tissue concentrations
(e.g., that for manganese exceeded purity). Therefore, the default uptake factor of 1 was used
in these cases as per TNRCC (2000).

For estimating concentrations in the small mammal prey (i.e., deer mice), two modeling
approaches were used. For most inorganic COPECs, the concentrations in small mammals
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were estimated directly from soil concentrations based on models derived from empirical data
using regression analysis (Sample et a!., 1998) and based on the relationship:

lnC =B0 +B1 lnC

where:
Cm = the COPEC concentration in the small mammal prey (mg/kg dry weight)
C = the COPEC concentration in sediment (mg/kg dry weight)
Ba and Bi = COPEC-specific factors derived in the regression analysis (from Sample

etal., 1998).

This equation can also be written:

Cm =?' *

or

Cm Cs

where P = e5° and 1 = B1.

Values for P0 and Pi are presented in Table 20. It should be noted that when Pi equals 1, this
model reduces to a linear uptake model (similar to that for plants) with a slope of Po. For
bis(2-ethylhexyl)phthalate, a linear transfer factor from EPA (1995d) was used for Pa. Soil-
based modeling parameters could not be found for antimony and cis-1,2-dichloroethylene. For
these COPECs, tissue concentrations for small mammals were determined from the estimated
concentration of the COPECs in the food of the small mammal. This modeling approach
applies mammal-based food-to-muscle transfer factors derived for modeling chemical
concentrations in beef, by the equation:

Cm =TF1m C1 CF

where:
Cm = the COPEC concentration in the small mammal prey species (mg/kg dry

weight)
TFnr. = the food-to-muscle transfer factor.
Ct = the COPEC concentration in the small mammal prey species' food (mg/kg

dry weight)
CF = a conversion factor for the whole-body, dry-weight concentration in the

small mammal (for wet-weight to dry-weight conversion, the CF is based
on the water content in mammals of 32 percent [USEPA, 19931 where CF
= 1/[1-0.32]; for lipid-based transfer to whole-body transfer, the CF is
based on an assumed lipid content of 10 percent by dry weight, where CF
= 0.1)
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For antimony, the food-to-muscle transfer factor is from Baes et al. (1984). For cis-1,2-
dichloroethylene, the transfer factor is based on the regression of the transfer factors for
organic compounds on the logarithm of the compound's octanol-water partition coefficient
(K0w), as based on data specific to rodents presented in Garten and Trabalka (1983). This
regression is:

log TF1m = —4.941 + 0.8698• log

The log L of cis-1 ,2-dichloroethylene is 1.86 (TNRCC, 2000). The transfer factors for
antimony and cis-1,24ichloroethylene are presented in Table 20.

3.3 RISK CALCULATION

Ecological hazard quotients (EQ5) are developed for each constituent of potential concern in
each media for each potentially exposed representative species. The EQ is expressed as the
ratio of a potential exposure or dose to a toxicity value (EPA, 1994c):

EQ =
Dose

or
EEC

TL Benchmark

where:
EQ = ecological hazard quotient (unitless)
Dosei = average daily dose (mg/kg-day)
IL = toxicity level; either a NOAEL or extrapolate NOAEL based on a

LOAEL (mg/kg-day)
EEC = estimated environmental concentration (mg/kg or mg/L)
Benchmark = media concentration associated with minimal adverse effects to

the species of concern (mg/kg) or (mg/L)

EQs for exposures to terrestrial and avian species are developed using intake values developed
using equations in Sections 2.2.1 and 2.2.2. Sediment and surface water exposures in aquatic
and benthic species are evaluated by comparisons of sediment and surface water constituent
concentrations with ecotoxicologically-based benchmarks developed by TNRCC (2000).

Toxicity levels (NOAELs and LOAELs) for the maninialian and avian wildlife receptors were
based on literature-derived values as summarized in Tables 21 and 22, respectively. These -
values were converted to receptor-specific toxicity levels through the application of body-
weight scaling, as defined by Sample and Arenal (1999):

TL =TLI'')
'I,BW,)
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where:

TLr toxicity level (NOAEL or LOAEL) specific to the receptor species (mg/kg/d)
TL, toxicity level (NOAEL or LOAEL) specific to the test species (mg/kg/d)
BW body weight of the test species (kg)
BW body weight of the receptor species (kg)
s scaling factor specific to receptor and test species class (0.06 for mammals

and —0.20 for birds [Sample and Arenal, 1999]) (unitless)

Measurements of organic mercury in surface water and sediment at two locations in Farmers
Branch Creek showed that the organic form of mercury constituted less than 2 percent of the
total mercury in these media. For this reason, mercury toxicity levels used to evaluate
exposure to total mercury were based on tests that used inorganic forms of this element. The
EQs for the exposures specifically to the measured concentrations of organic mercury were
calculated using toxicity levels based on tests that used methylmercury. No avian toxicity
levels were found for antimony, iron, and cis-1,2-dichloroethylene. In the latter case, the
toxicity level for 1 ,2-dichloroethane was used as a surrogate. This was based on the
observation that the mammalian toxicity data for these two compounds indicate similar levels
of toxicity (the mouse-based chronic oral NOAELs for 1 ,2-dichloroethylene and 1,2-
dichloroethane being 45.2 and 50 mg/kg/d, respectively [Sample et al., 1996]).

The intent of the ecological risk assessment is to evaluate population effects rather than effects
to the individual. NOAELs are benchmarks which evaluate effects to all individuals within the
exposed population compared with LD5O's or LD5's which evaluate population benchmarks.
Since NOAELs are the chosen benchmarks for this evaluation, an EQ of 1 will be evaluated as
the target EQ. An EQ greater than 1 will be interpreted as a level at which adverse ecological
effects may occur to the population. An EQ less than 1 will be associated with less likelihood
of adverse ecological effects. Risk management decisions should take into account the
magnitude of the EQ when determining the need for remediation. There is no consensus
regarding the issue of summation across pollutants in the calculation of EQs. Since there are
few data concerning the mechanism of action or target organ toxicity for species other than
mammalian species, contaminant-specific EQs will not be summed.

3.4 RESULTS OF THE ECOLOGICAL RISK ASSESSMENT

As indicated above, the ecological risk assessment has been developed using a tiered approach.
Tier 1 involves a criteria exclusion checklist. This Tier 1 checklist is found in Appendix D.
The results of this exclusion checklist indicate that a Tier 2 evaluation is necessary. The Tier 2
evaluation included a comparison of detected constituent concentrations in surface water and
sediment to benchmark criteria and a calculation of EQs for site-specific receptors. The results
of the Tier 2 evaluations are provided below.
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3.4.1 Comparisons with Surface Water and Sediment Benchmarks

Tables 23 and 24 summarize the comparisons of surface water and sediment benchmarks with
COPCs. The COPCs included in the ecological risk assessment are those detected chemicals
that exceed background and have been detected at a frequency greater than five percent.

Maximum surface water COPC concentrations found to exceed surface water benchmarks are
inorganics, aluminum and lead, and the SVOC bis(2-ethylhexyl)phthalate (Table 23). As a
result, these chemicals were retained as COPECs for surface water. Copper, mercury, and
zinc were also retained as COPECs because they are identified as bioaccumulators (TNRCC,
2000). Bis(2-ethylhexyl)phthalate, a component of many plastics, is found ubiquitously in the
environment. Its presence in surface water at Carswell may not be associated with site-specific
activities.

Maximum sediment COPC concentrations found to exceed sediment benchmarks include the
inorganics antimony, arsenic, iron, manganese, nickel, and zinc; and the VOC cis-1,2-
dichloroethylene (Table 24). As a result, these chemicals were retained as COPECs for
sediment. Barium and vanadium were retained because no sediment benchmark could be
determined for these COPCs. Cadmium, copper, and mercury were also retained as COPECs
because they are identified as bioaccumulators (TNRCC, 2000).

3.4.2 Estimates of Ecological Risk

Appendix F presents the spreadsheet calculations used to derive the EQs for the mammalian
and avian receptors (the eastern cottontail, deer mouse, raccoon, mink, northern bobwhite,
common snipe, and American bittern). Table 25 summarizes the calculated EQs for these
receptors as based on conservative estimates of exposure (EMF = 1) and NOAELs. Of the
mammalian receptors, arsenic and vanadium resulted in EQs greater than unity for all four
receptors. Aluminum, antimony, iron, and manganese were also found to result in EQs
greater than unity for one or more mammalian receptor. All EQs were less than 10, with the
maximum being 9.94 for aluminum exposure in the raccoon. For the avian receptors, EQs
could not be determined for antimony and iron due to a lack of avian-specific toxicity
information for these COPECs. Of the other COPECs, only mercury resulted in EQs greater
than unity. This was the case for both the common snipe and the American bittern (EQs equal
1.24 and 1.07, respectively). No EQs exceeded unity for the northern bobwhite. EQs greater
than unity were not found for any of the wildlife receptors for barium, cadmium, copper, lead,
organic mercury, nickel, zinc, and both the organic COPECs (bis(2-ethylhexyl)phthalate and
cis- 1 ,2-dichloroethylene).

For those COPECs that resulted in one or more EQs greater than unity using the conservative
exposure assumptions and NOAEL-based toxicity benchmarks, EQs were also calculated based
on less conservative exposure assumptions and LOAEL-based toxicity benchmarks as well as
the NOAEL-benchmarks. In the conservative exposure scenario, it was assumed that the entire
home range of the receptor contained COPEC concentrations equal to those of the site (or
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equivalently, that the all of the food, water, and sediment ingested by the receptor was from
the site). As noted above (Section 2.2.1), however, EMFs can be incorporated in the exposure
estimation to account for potential foraging outside of the site when the home range of the
receptor is larger than the area of the site. Because the habitats being included in this
assessment are generally linear, that is, following drainage channels, the "area" of the site is
difficult to measure. It was assumed, therefore, that the habitat in which the receptors would
be exposed to potentially contaminated water or sediment was included within a 100-foot-wide
strip along the course of Fanners Branch Creek. Such a strip would contain approximately 12
acres of habitat per mile of channel.

The sampling of surface water and sediment along Fanners Branch Creek covered
approximately 0.5 mile of channel downstream of the aqueduct outfall, or about 6 acres of
creek habitat. The golf course ponds provides no more than about 2 acres of habitat, and the
unnamed tributary of Farmers Branch Creek, which was also sampled along an approximate
0.5 mile reach, but is smaller than Farmers Branch Creek, may account for an additional 3 to 6
acres. Thus, the potential exposure area is estimated to be 11 to 14 acres in area of available
riparian or wetland habitat.

As previously stated, the home range of the eastern cottontail typically varies between 3 and 20
acres (Burt and Grossenheider, 1980). From data presented in USEPA (1993), the average
home range of an adult eastern cottontail is approximately 7.4 acres . Although this area is
smaller than the total amount of potentially affected habitat, the cottontail is primarily a
terrestrial species with broad habitat affinities, and is more likely to use the upland habitats
(e.g., the golf course) for foraging than be restricted to foraging along the riparian and wetland
zones. If the home range (7.4 acres) is assumed to be circular, it would have a diameter of
approximately 640 feet. If it is further assumed that this represents the maximum intercept of
affected riparian habitat across the home range, and this habitat is 100 feet in width, it would
represent approximately 1.5 acres, or 20 percent of the foraging area of the cottontail.
Therefore, the EMF for the eastern cottontail is estimated to be 0.20.

Similarly for the deer mouse, which, like the cottontail, is primarily a terrestrial species with
broad habitat affinities, foraging activities are expected to be distributed in both upland and
riparian and wetland habitats. The home range for this species, as presented in Burt and
Grossenheider (1980), is between 0.5 and 3 acres. These home ranges, if circular, would have
radii ranging from 83.5 and 204 feet, with a midpoint of the range at approximately 144 feet.
These values are consistent with the observed movement of deer mice from theft burrows
described by Davis (1966), which ranged as high as 300 feet, but were more typically found to
be less than 150 feet. A radius of 144 feet gives a circular home range area of approximately
1.5 acres. If, as with the eastern cottontail, it is assumed that the potentially affected habitat
within that home range is 100 feet wide and the full diameter in length (288 feet), it would
represent 0.66 acres, or 44 percent of the home range. Therefore, the EMF for this species is
estimated to be 0.44.
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Although raccoons are typically found near water, they may use a wide variety of habitats,
including urban environments. Therefore, they are not considered to be limited to the riparian
and wetland habitats. As noted in Section 2.1.2.2, the home ranges of raccoons may range in
size from about 100 acres (on coastal islands in Georgia) to several thousand acres (in prairie
pothole habitat) (USEPA, 1993). However, neither of these extremes are representative of the
habitat conditions at the former Carswell AFB. Therefore, for the purposes of estimating an
EMF for this species, the average of home ranges reported for Michigan riparian habitat (385
acres [USEPA, 1993]) was used to represent the home range of a raccoon using the riparian
and wetland habitats of the site. Based on the estimated area of potentially contaminated
surface water and sediment of 14 acres, the EMF of this species was determined to be 0.036
for the raccoon.

The mink was assumed to be more closely associated with the riparian habitat than the
raccoon. According to Davis (1966), mink will travel several miles in search of food. In
Sweden, individual adult mink were observed to use 0.6 to 3 miles (1 to 5 kilometers) of
stream (USEPA, 1993). The average use was 1.34 miles. If it is assumed that there is
approximately one mile of potentially contaminated stream (one half mile along Farmers
Branch Creek and one half mile along the unnamed tributary), the EMF for the mink would be
approximately 0.75. Because of the poor quality of the riparian habitat at this site, especially
that of the unnamed tributary, this EMF is probably very conservative for this species.

For the common snipe, home ranges vary from 15.8 to 70.6 acres (Mueller, 1999). The
midpoint of that range is 43.2 acres. This is very close to the home range of 37 acres
estimated for this species from its body weight as based on the regression presented in
Schoener (1968). Because potentially contaminated habitat may account for approximately 14
acres of this home range, or 32 percent, the EMF for this species is estimated to be 0.32.

Home range data for the American bittern could not be located; however, the home range
estimated from body weight as based on the regression of Schoener (1968) is 352 acres.
Assuming approximately 14 acres (or 4 percent) of this home range is potentially
contaminated, the EMF for this species would be 0.040.

Because none of the conservatively estimated EQs for the northern bobwhite was found to
exceed unity, no less conservative EMF was necessary for the further analysis of this species.
It can be concluded from these EQs that the COPECs at this site present no risk to the northern
bobwhite, and the receptor is dropped from further consideration in this assessment.

Table 26 presents the NOAEL-based EQs based on the less conservative exposures, as
determined through the application of the receptor-specific EMFs described above. The
application of the receptor-specific EMFs to the exposure estimations resulted in the reduction
of the conservatively estimated EQs to values less than unity for all receptors except the deer
mouse and the mink. In the case of the deer mouse, EQs exceeded unity for arsenic (EQ =
2.05) and vanadium (EQ = 2.85). For the mink, EQs exceeded unity for the same two
COPECs (EQs = 1.17 and 2.01, respectively), and for aluminum (EQ = 4.85).
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Table 27 presents the results of the re-calculation of EQs based on less conservative exposure
assumptions and using LOAELs as the toxicity benchmarks. As shown in this table, all EQs
are less than unity as a result of this recalculation. Therefore, based on these results, risk to
avian receptors is not predicted from exposures to the COPECs for which avian toxicity
benchmarks could be found. The possibility of risk to the deer mouse and mink cannot be
excluded for exposures to aluminum (mink only), arsenic, and vanadium, although in all three
cases, the toxicity threshold may be very near the estimated exposure point concentrations for
these COPEC. Of these two receptors, only the mink is considered a wide-ranging receptor;
therefore, unlike the deer mouse, adverse effects on mink that use the site could have
population effects away from the site.

Comparison of the exposure point concentrations (i.e., the minimum between the 95% UCL
value and the maximum measured value) to the TNRCC ecological benchmark values for water
and sediment (Tables 23 and 24, respectively) shows that risk may still exist for aquatic and
benthic communities in Farmers Branch Creek and the other surface water features included in
this evaluation. The exposure point concentrations exceed corresponding water benchmarks
for aluminum, lead, and bis(2-ethylhexyl)phthalate. In sediment, the exposure point
concentrations exceeded the sediment banchmarks for antimony, arsenic, barium, manganese,
vanadium, and cis- 1 ,2-dichloroethylene. For the aquatic community, a fish (i.e., the fathead
minnow) was identified as the key receptor. For the benthic community, an invertebrate (i.e.,
a crayfish) was identified as the key receptor. These benchmark values, however, are
community-based, and may conservatively overestimate the risk posed to the key receptors for
these media.

Suter and Tsao (1996) present receptor-specific lowest chronic benchmark values for surface
water. For aluminum, the lowest chronic value for fish is 3.288 mg/L. This is significantly
greater than the TNRCC surface water benchmark for aluminum of 0.087 mg/L, and is well
above the exposure point concentration for aluminum of 0.33 mg/L and the maximum value of
0.63 mg/L. Similarly for lead, Suter and Tsao (1996) present a lowest chronic value for fish
of 0.01888 mg/L, which also exceeds the TNRCC surface water benchmark of 0.001 mg/L, as
well as the maximum measured value of 0.0031 mg/L and the 95% UCL value of 0.0027
mg/L. A lowest chronic value for fish for bis(2-ethylhexyl)phthalate is not presented;
however, for daphnids, a value of 0.912 mg/L is given for this compound. Lowest chronic
fish values for two other phthalate esters, di-n-butyl phthalate and di-n-octyl phthalate, are
given (0.717 and 3.822 mg/L, respectively). Because the lowest chronic values for daphnids
for both of these phthalate esters (0.697 and 0.708 mg/L, respectively) are less than that of
bis(2-ethythexyl)phthalate, either may be a conservative surrogate for bis(2-ethylliexyl)
phthalate. The lowest of the chronic fish values (0.717 mg/L) is significantly greater than the
TNRCC benchmark of 0.007 mg/L for bis(2-ethylhexyl)phthalate, as well as the maximum
detected value (0.012 mg/L) for this compound. Based on this evaluation, the measured
concentrations of aluminum, lead, and bis(2-ethylhexyl)phthalate in surface water are not
expected to pose a risk to fish.
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Jones et al. (1997) presents a secondary chronic benchmark for cis-1,2-dichloroethylene in
sediment of 0.400 mg/kg. This is greater than the maximum detected concentration of this
COPEC in sediment of 0.012 mg/kg (no sediment benchmark is provided by TNRCC for this
compound). For arsenic, the exposure point concentration in sediment (16.0 mg/kg) lies
between the Effects Range-Low (ER-L) and Effects Range-Median (ER-M) for benthic
invertebrates (12.1 and 57 mg/kg) as provided in Jones et al. (1997). For manganese, the
exposure point concentration (1,700 mg/kg) is essentially equal to the ER-L for this metal (ER-
L = 1,673 mg/kg). No sediment benchmark values were found to further assess potential risk
to benthic invertebrates for antimony, barium, and vanadium.

Reptiles and amphibians were also identified as potential receptors in the aquatic habitats of
this site. Potential key receptors of these classes associated with Farmers Branch Creek
include the slider (Pseudemys scripta) and the leopard frog (Ratio pipiens). However, very
little toxicity information exists to evaluate risk to amphibians, and essentially no information
exists to evaluate either exposure or risk to reptiles. As stated recently by Linder and
Grillitsch (2000), "There is collective agreement that for reptiles little to no explicit
information on the toxicological effect potential is available for any metal." They further state
that "no metal has ever been assayed for any effect that is conventionally considered in
prospective ecotoxicological risk assessment." Although concentrations of metals in reptile
tissues have been measured, with regard to applying such data to the evaluation of potential
risk, they state, "in the almost complete absence of toxicological research under fairly defined
experimental conditions, no conclusions may be drawn." The lack of reptilian toxicity data is
further illustrated by the absence of reptile-based benchmarks identified in the EPA's
document, "Data Collection for the Hazardous Waste Identification Rule" (Kroner and Cozzie,
1999), despite the fact that several reptiles were identified as key receptors.

A body of toxicological data does exist for various species of amphibians. As with fish and
aquatic invertebrates, amphibian tests are based on direct exposure to water containing a fixed
concentration of the chemical being evaluated, and do not evaluate toxicity through ingestion of
food. The toxicity benchmarks for amphibians are determined as water concentrations. For
this reason, the amphibian is evaluated as an element of the aquatic community and its
exposure pathway is limited to direct exposure to surface water. Only COPECs identified in
surface water were considered as potential risk drivers for amphibians. Kroner and Cozzie
(1999) established amphibian-based benchmarks for three of the six surface water COPECs at
the former Carswell AFB site. These are lead (benchmark = 2.1 mg/L), mercury (benchmark
= 0.06 mg/L), and zinc (benchmark = 6.5 mg/L). These benchmarks are used for all species
of amphibians. In all three cases, the benchmarks were greater than both the TNRCC
screening benchmark for surface water and the measured exposure point concentrations for the
COPECs, as shown in Table 23.

Of the other three surface water COPECs, aluminum and copper were not evaluated by Kroner
and Cozzie (1999), and insufficient data were found to determine a benchmark for bis(2-
ethylhexyl)phthalate. Copper concentrations in both surface water and sediment at this site
were found to be within background ranges and below their respective TNRCC media
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benchmarks (Tables 23 and 24). Its identification as a COPEC is based on its potential
bioaccumulation in the food chain. Because none of the upper trophic level receptors showed
EQs greater than unity from ingestion of copper in prey, it can be concluded that its
concentrations do not pose a risk through bioaccumulation, and that risks to amphibians are
within the range of background risk. Amphibian toxicity data for aluminum were found in the
ECOTOX on-line ecotoxicological database (EPA, 2001). Seven LCso values based on
exposure of leopard frogs to aluminum chloride are presented. The geometric mean of the
values is 0.748 mg/L. Although this value exceeds the exposure point concentration for
surface water (0.33 mg/L), the TNRCC (2000) recommends the application of an uncertainty
factor of 0.05 to LCso values to obtain a chronic benchmark for aquatic exposure. Applying
this factor results in a benchmark for aluminum of 0.0374 mg/L. This is less than the TNRCC
surface water benchmark of 0.087 mg/L for aluminum, but is also less than the background
concentration 0.270 mg/L. No toxicity data were found in the ECOTOX database for
exposures of amphibians to bis(2-ethylhexyl)phthalate. Uncertainties associated with risks to
amphibians from exposures to aluminum and bis(2-ethylhexyl)phthalate in water at this are
further discussed in Section 2.5.

3.5 UNCERTAINTIES IN THE ECOLOGICAL RISK ASSESSMENT

A wide variety of factors contribute to the uncertainty associated with this ecological risk
assessment. These factors are related to the exposure assessment, characterization of
ecological effects, and the characterization of risk. The quantitative modeling of exposures to
wildlife receptors incorporates a large number of parameters which are highly stochastic in
nature or for which very limited quantitative information is available in the literature. In
general, the values used in the exposure models were selected to result in a conservative
estimation of risk. That is, the values for uncertain or stochastic parameters were generally
biased toward those that would more likely overestimate the actual exposure rather than
underestimate it.

The COPEC concentrations used in all exposure models were the 95 percent UCL or
maximum measured concentrations, thereby allowing for the overestimation of the probable
concentration at this point. The COPECs are also assumed to be 100 percent bioavailable at
this concentration. Further, for the mobile receptors, this concentration was initially assumed
to be uniform throughout the receptor's home range, allowing for the probable overestimation
of exposure to the receptor species. The expected result of these factors is an overestimation
of exposure and a conservative estimation of risk estimated by either EQs or by comparison
with the screening values.

Based on these highly conservative initial assumptions of exposure, none of the EQs for the
mammalian and avian wildlife receptors exceeded a value of 10, and none for barium,
cadmium, copper, lead, nickel, zinc, cis-1,2-dichloroethylene, and bis(2-ethylhexyl)phthalate
exceeded unity. The application of species-specific EMFs to the estimated exposures resulted
in NOAEL-based EQs greater than unity for arsenic and vanadium exposure in the deer mouse
and mink, and additionally for aluminum exposure in the mink. All of these EQs were less
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than 5. When the LOAEL was used as the toxicity benchmark, all of these EQs were reduced
to values less than unity, indicating that the estimated, less-conservative exposures to these
three COPECs are near the thresholds of toxicity for these receptors. However, it is very
likely that these estimated exposures are still conservative, and overestimate the actual
exposure in individuals that use the site.

The EMF for the mink, for example, is probably highly conservative because it assumes equal
use of the riparian habitats of the site (including that of the unnamed tributary of Farmers
Branch Creek) with respect to downstream habitats, and assumes that the hunting of the mink
is strictly limited to the margins of the creeks and drainages. In order for a mink (or other
mammalian predator) to achieve the exposure level estimated, it would need to acquire 75 % of
its food from this habitat. Because the drainages of this site are within a golf course, they are
highly modified from natural conditions and do not represent habitat that is likely to attract or
support significant predator use. The small size of the mink and its affinity to riparian habitats
make it a conservative representative of mammalian predators that may use the site. It is likely
that this use is very marginal, and that majority of hunting by this species (if it is present)
would be at the better quality habitats downstream (and unaffected by the COPECs). Other
mammalian predators (e.g., skunks, foxes, and coyotes), are more likely to use a wider variety
of habitats than the mink, and in some cases, have larger home ranges. It should also be noted
that although the EMF adjusts the exposure to take into account area use, the modified
exposure estimations for the mink and for the deer mouse still assume that 100% of the
COPECs are bioavailable for uptake into the foodchain.

The mink is the only large range receptor that showed estimated, less conservative exposures
that exceeded the NOAELs. Therefore, PCL calculations for those COPECs with EQs greater
than unity (i.e., aluminum, arsenic, and vanadium) would be limited to the potential risk to this
species. However, because these exposures to these COPECs do not exceed the LOAELs for
this species, and because low habitat quality make it unlikely that this exposure would actually
be achieved by this species, or other species represented by its guild, the potential for risk to
this species and to the guild it represents is considered insignificant. Therefore, PCLs are not
determined.

COPEC concentrations in surface water do not appear to pose a risk to aquatic receptors with
the exception of aluminum exposure in amphibians (the leopard frog). It should be noted,
however, that the measured concentrations of aluminum in surface water exceeded the
background concentration (0.27 mg/L) at only one location, the downgradient golf course pond
(aluminum concentration = 0.63 mg/L). Aluminum concentrations along both drainage
channels were found to be within background. Because aluminum was not detected in the
water sample from the upper pond, the source of the aluminum in the maximum sample is
dubious. Suspended clay in the sample could account for the observed high concentration.
Aluminum in this form is essentially not bioavailable and is unlikely to cause risk to the
leopard frog. It should be recalled that the toxicity benchmark for this species is based on
exposure to aluminum added to water as aluminum chloride, and would therefore be dissolved
and highiy available for uptake by this species. Considering that no other water sample from
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the site exhibited as high of a concentration of aluminum (the next highest concentration was
0.18 mg/L), risk to amphibian receptors appears to be minimal.

Potential risk to benthic invertebrates also appears to be minimal. The exposure point
concentrations for manganese and arsenic exceeded ER-L values, but did not exceed ER-M
values. In the case of manganese, this exceedence was very slight. For both COPECs, only 2
of the 11 samples exceeded the ER-L, therefore, the extent of potential effects to the benthic
invertebrate community is limited, and does not extend to habitats downstream of the site.
Because of the modified nature of the habitats on site, such limited potential effects on this
community will not have significant ecological effects.

Sufficient toxicological data were not found for antimony and iron to assess risk to birds; for
antimony, barium, and vanadium to assess risk to benthic invertebrates; for bis(2-ethythexyl)
phthalate to assess risk to amphibians; and for all COPECs to assess risk to reptile receptors.
Antimony measurements in the sediments at this site exceeded the site-specific background
concentration (0.33 mg/kg) in 4 of 11 samples, and only the maximum measured concentration
(6.5 mg/kg) exceeded the TNRCC sediment benchmark (2.0 mg/kg). Therefore, the potential
for risk to sediment-associated biota is expected to be very limited in areal extent. However,
the potential for risk to avian receptors is probably low due to the facts that antimony tends to
be strongly bound to sediment particles, and does not bioaccumulate to a significant degree,
and does not biomagnif' (NLM, 2001). Further, average concentrations of antimony in soil
range from 0.1 to 10 mg/kg (NLM, 2001). Therefore, the concentration range found in the
sediments at this site fall within the range of natural soil. Similarly, the potential risk to avian
receptors from exposure to iron is expected to be low. Although 5 of the 11 sediment samples
exceeded the site-specific background concentration of 10,000 mg/kg, only the maximum
measured concentration (25 ;200 mg/kg) exceeded the freshwater sediment background range of
9,900 to 18,000 mg/kg from Buchman (1999). However, the exposure point concentration
(based on the 95% UCL of 13,000 mg/kg) is within this natural background range. Because
iron is naturally abundant and is an essential nutrient for birds, and because the concentrations
of iron across the site as a whole fall within natural ranges, risk to avian receptors from
exposure to iron is unlikely.

Three of the 11 sediment samples collected from this site had barium concentrations greater
than the site-specific background value (140 mg/kg) and 4 had vanadium concentrations
exceeding the site-specific background value (32 mg/kg). No TNRCC benchmarks for
sediment are provided for these two elements, and no toxicity information could be located to
evaluate whether these concentrations may pose a risk to freshwater benthic invertebrates.
Buchman (1999) presents a freshwater sediment background value for barium of 0.7 mg/kg
and an Apparent Effects Threshold value for marine sediments of 48 mg/kg. Both of these
values appear low for application to the former Carswell AFB site in light of the site-specific
background value, although 5 of the 11 samples did have barium concentrations below 48
mg/kg. The two highest concentrations of barium from the site (405 and 462 mg/kg, from the
upgradient ends of the unnamed tributary and the golf course ponds, respectively) are close to
the mean background soil concentration of 440 mg/kg, and are well with the range of
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background soil of 10 to 5,000 mg/kg, as presented by Bucliman (1999). For vanadium, all
but two samples are within the range of background freshwater sediments provided by
Buchman (1999) (background = 50 mg/kg), and all but the maximum (110 mg/kg) are less
than the Apparent Effects Threshold value for marine sediments of 57 mg/kg. The maximum
concentration is within the range of background soil concentrations (below detection to 500
mg/kg Buchman, 19991). Because the majority of the measured concentrations of barium and
vanadium in the sediments at this site are within site-specific background, and all are within the
ranges of natural concentrations, at least for soil, significant risk to the benthic invertebrate
community from exposure to these elements is unlikely at this site. Further, the extent of
elevated concentrations of these elements is limited to the upper end of Farmers Branch Creek
and the unnamed tributary and golf course ponds. Because the habitat in this area is highly
altered by the golf course and is of poor quality for significant use by wide-ranging wildlife
species, effects to the local benthic community are not expected to have significant effects on
local wildlife populations.

For similar reasons, effects on local, small vertebrate populations in the affected area are not
expected to have significant ecological consequences. Potential risks to reptile receptors could
not be evaluated. However, it should be noted that both frogs and turtles have been observed
along Farmers Branch Creek, indicating that these organisms can at least survive the existing
conditions, if not successfully reproduce. Although there is a lack of controlled toxicological
data for reptiles, observational and anecdotal information (as summarized by Linder and
Grillitsch, 2000) indicate a general tolerance of metal exposures. Of the organic COPECs,
neither cis-1,2-dichloroethylene nor bis(2-ethyl hexyl)phthalate is likely to pose a significant
risk to reptiles or amphibians. The former is volatile, and is not a COPEC for surface water.
The latter is a ubiquitous environmental contaminant that is metabolized by biota.

In conclusion, many factors contribute to the uncertainty associated with these predicted risk
results. Several of the factors can be ascribed to either leading to probable overestimation of
risk or underestimations. It is expected that, in this ecological risk assessment, most factors
were overestimated. In general, risks to ecological receptors at this site were found to be
minimal and are unlikely to have significant effects on populations within and surrounding the
affected area.
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4.0 CONCLUSIONS

4.1 HUMAN HEALTH RISK ASSESSMENT

Results of media with carcinogenic or noncarcinogenic constituents contributing to human
health risk and hazard above the target risk range include:

• Groundwater — Potential future residential cancer risk associated with
groundwater exposures in excess of 1x1O' risk is estimated for TCE (Figure 2),
vinyl chloride (Figure 3) and 1, 1-DCE (Figure 4). Noncancer hazard associated
with potential future residential exposures is in excess of the target of I for PCE
(Figure 17), TCE (Figure 18), cis-1,2-DCE (Figure 19) and chloroform (Figure
23). Evaluation of site-specific screening criteria for the potential intrusion of
volatile organics into residential basements indicate that this pathway is not
associated with risk greater than 1x1O.

Exposures to groundwater under the scenario of institutional controls to prevent
residential use of groundwater was evaluated using the construction worker as
the only potential receptor. Cumulative risk to organic COPCs for this receptor
was less than 1x106. However, noncancer hazard in excess of the target of 1
was estimated for TCE (Figure 28), cis-1,2-DCE (Figure 29) and vinyl chloride
(Figure 40). It should be kept in mind, that groundwater exposures are only
possible if the shallow contaminated aquifer, which is not currently in use, is
used as a source of drinking water.

• Surface Water — All cancer risks and noncancer hazards are below EPA target
risks and target hazards (Tables 15 through 17).

• Sediment — All cancer risks and noncancer hazards are below EPA target risks
and target hazards (Tables 15 through 17).

Groundwater risk was estimated to be in excess of risk-based targets for both potential future
residents and construction workers. Those COPCs that contribute to the potential for adverse
health effects include 1, 1-DCE, cis-1 ,2-DCE, PCE, TCE, and vinyl chloride. Since adverse
health effects are estimated under both the residential scenario and the scenario of institutional
controls, remedial action is warranted.

No human health effects have been estimated for exposures to surface water and sediment.
Based on HHRA, no further action for surface water and sediment is warranted.

4.2 ECOLOGICAL RISK ASSESSMENT

The media-specific results for constituents of potential ecological concern are summarized
below.
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Surface Water. Six COPECs were identified in surface water: aluminum, copper, lead,
mercury, zinc, and bis(2-ethylhexyl)phthalate. A suumary of the results and the conclusions of
the assessment of risk to ecological receptors for each of these constituents are as follows:

• Aluminum (terrestrial) — The exposure point concentration for aluminum in
surface water (i.e., the 95% UCL, or 0.33 mg/L) resulted in an EQ range of
0.485 to 4.85 for the mink based on the comparison of the less conservative
exposure estimation to the LOAEL and NOAEL, respectively. Because this
range includes the EQ of 1, the estimated exposure in the mink as based on this
concentration is probably near the threshold of toxicity for this receptor;
however, it is likely that this exposure significantly overestimates actual
exposures due to the altered nature of the habitat, the fact that only one sample
(from the golf course pond) was found to exceed the site-specific background
concentration for aluminum, and that both the EMF and the assumed
bioavailability of aluminum used in calculating exposure are conservatively
estimated, and probably overestimate actual site conditions. For these reasons,
it is concluded that aluminum in surface water does not pose a significant
potential risk to wildlife that may frequent the site.

Aluminum (aquatic) — The exposure point concentration for aluminum
exceeded the TNRCC surface water screening benchmark; however, all
aluminum concentrations in surface water were less than the toxicity benchmark
specific to fish (fathead minnow). Although the exposure point concentration
for aluminum exceeded the toxicity benchmark for the leopard frog, as
estimated from the LC50 (based on an uncertainty factor of 0.05), this
benchmark is based on a highly soluble form of aluminum (aluminum chloride),
which probably overestimates the bioavailability of aluminum at the site. (It
should be noted that both the TNRCC surface water benchmark and the
estimated toxicity benchmark for the leopard frog are less than the site-specific
background concentration for aluminum.) Because aluminum was found to
exceed background in only one sample, the potential for risk to aquatic receptors
above that of background risk is highly limited in areal extent. Further, because
the bioavailability of aluminum in surface water is probably less than that
assumed in the benchmarks used in this assessment, it is concluded that
aluminum in surface water does not pose a significant risk to aquatic
communities at or below this site.

• Lead — Lead is identified as a potential bioaccumulator in wildlife; however, all
EQs for exposure to lead from surface water at this site were determined to be
less than unity. The exposure point concentration for lead (0.0027 mg/L)
exceeded the TNRCC surface water screening benchmark; however, it was less
than the toxicity benchmark values specific to the fish and the leopard frog. For
this reason, it is concluded that the potential for risk to aquatic receptors is
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insignificant. (It should be noted that no site-specific background concentration
value for lead in surface water was available.)

• Bis(2-ethylhexyl)phthalate — No risk from exposure to bis(2-
ethylhexyl)phthalate was found for any wildlife receptor or for fish. Risk to
amphibians (and reptiles) could not be determined due to a lack of toxicity
information. Potential risk to these receptors is probably negligible because
bis(2-ethylhexyl)phthalate is found ubiquitously in the environment and is
unlikely to be related to site activities. Further, it is metabolized by biota, and
is therefore unlikely to accumulate in the food chain.

• Copper, Mercury, and Zinc — Copper, mercury, and zinc were retained as
COPECs for surface water because of their potential to bioaccumulate.
However, no risk to wildlife receptors was found from exposure to these
constituents.

Sediment. Twelve COPECs were identified in sediment: antimony, arsenic, barium,
cadmium, copper, iron, manganese, mercury, nickel, vanadium, zinc, and cis-1,2-
dichloroethylene. The results and conclusions of the assessment of risk to ecological receptors
for each of these constituents are as follows:

• Antimony — Only one sediment sample (out of 11 total) showed an antimony
concentration exceeding the TNRCC sediment screening benchmark. All EQs
for the mammalian wildlife receptors were less than unity for this element. No
toxicity information could be found for antimony specific to either birds or
benthic invertebrates; however, because all measured concentrations of
antimony were within the range of natural soils, it is concluded that the potential
for risk to these receptors is insignificant.

• Arsenic — The exposure point concentration for arsenic in sediment (16 mg/kg)
resulted in EQ ranges of 0.205 to 2.05 for the deer mouse based on the
comparison of the less conservative exposure estimation to the LOAEL and
NOAEL, respectively, and 0.117 to 1.17 for the mink. Because these ranges
include the EQ of 1, the estimated exposures in the deer mouse and mink as
based on this concentration are probably near their respective thresholds of
toxicity. However, because the upper ends of these ranges are close to unity
(the geometric means of the EQs being less than unity) and because it is likely
that the actual site exposures for these receptors are significantly overestimated
due to the altered nature of the habitat and to the conservative assumptions
associated with the EMFs and the bioavailability of this constituent, it is
concluded that arsenic in sediment does not pose a significant risk to wildlife
that may use the site.
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The exposure point concentration for arsenic exceeded the TNRCC sediment
screening benchmark; however, this concentration was only slightly greater than
the ER-L benchmark for sediment biota (12.1 mg/kg), and was well below the
ER-M benchmark (57 mg/kg). (It should be noted that the TNRCC sediment
benchmark is less than the site-specific background concentration for arsenic.)
Because these results indicate a low potential for risk to benthic receptors from
exposure to arsenic in sediment at this site, it is concluded that arsenic does not
pose a significant risk to the benthic communities that may be used as a food
resource at this site.

• Barium — Barium showed no potential risk to wildlife receptors. No TNRCC
sediment screening benchmark is available for this element and no toxicity
information could be found for benthic invertebrates. However, because all
measured concentrations of barium were within the range of natural soils, and
most were within the site-specific sediment background value, it is concluded
that the potential for risk to benthic receptors is insignificant.

• Iron — Although iron showed no significant potential risk to mammalian
receptors, no toxicity information could be found specific to birds. However,
risks to avian receptors are expected to be low because the exposure point
concentration is within the background range of freshwater sediments. The
exposure point concentration for iron was less than the TNRCC sediment
screening benchmark, indicating no potential risk to benthic communities.

• Manganese — Manganese showed no potential risk to wildlife receptors. The
exposure point concentration exceeded the TNRCC sediment screening
benchmark; however, it was approximately equal to the ER-L benchmark value
for sediment (1,700 mg/kg). For this reason, it is concluded that manganese
does not pose a significant risk to the wildlife populations or to the benthic
communities that may be used as a food resource at this site.

• Vanadium (terrestrial) — The exposure point concentration for vanadium in
sediment (53 mg/kg) resulted in EQ ranges of 0.285 to 2.85 for the deer mouse
based on the comparison of the less conservative exposure estimation to the
LOAEL and NOAEL, respectively, and 0.201 to 2.01 for the mink. Because
these ranges include the EQ of 1, the estimated exposures in the deer mouse and
mink as based on this concentration are probably near their respective thresholds
of toxicity. However, because the upper ends of these ranges are close to unity
(the geometric means of the EQs being less than unity), and because it is likely
that the actual site exposures for these receptors are significantly overestimated
due to the altered nature of the habitat and conservative assumptions associated
with the EMFs and the bioavailability of this constituent, it is concluded that
vanadium in sediment does not pose a significant risk to wildlife that may use
the site.
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Vanadium (aquatic) — No TNRCC sediment screening benchmark is available
for vanadium and no other sediment benchmark value could be located to
evaluate potential risk to benthic invertebrates. However, because all vanadium
concentrations were found to be within the range of natural soil, and most
samples were within the site-specific sediment background range, significant
risk to the benthic communities at this site or to the wildlife populations that
may use them as a food resource is unlikely.

• Cis-1,2-dichloroethylene — No risk from exposure to cis-1,2-dichloroethylene
was found for wildlife receptors. Although no TNRCC sediment screening
benchmark is available for this compound, all measured concentrations were
less than the secondary chronic benchmark value of 0.400 mg/kg for sediment.
Therefore, it is concluded that cis-1,2-dichloroethylene does not pose a risk to
either wildlife receptors or to benthic communities at this site.

• Cadmium, Copper, Mercury, Nickel, and Zinc — Cadmium, copper,
mercury, nickel and zinc were retained as COPECs for sediment because of
their potential to bioaccumulate. However, no risk to wildlife receptors was
found from exposure to these constituents. Although the maximum
concentration of cadmium exceeded the TNRCC sediment screening benchmark,
thereby identifying this element as a COPEC for benthic communities, the
exposure point concentration for cadmium was found to be less than this
screening value.
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HydroGeoLogic, Jnc.—Baseline Risk Assessment—Former Cat-swell AFB, Texas

Table 6

710 88

Parameters Used to Estimate Potential Exposures
For Groundwater Receptorsb

Rés1d€ñt:
izv: i1 tjoiiJ

'ChiltRSdeht
Ingestion of Groundwater

1k (L/day) 1.8 1 0.1'
Fl (unitless) 1 0 1.0 1.0

EF (daysi year) 350 350 250

ED (years) 30 6 1°

BW(kg) 59 15 70

AT-Noncancer (days) 10950° 219cr 250°

AT-Cancer (days) 25550f 25550' 25550'
Inhalation of Volatzles from Household Uses of Groundwater —
1k (m3/day) 15 10 15

EF (days/year) 350 350 250
ED (years) 30 6 1'

BW (kg) 59 15 70

AT-Noncancer (days) 10950° 2190' 355t

AT-Cancer (days) 2S550 25550' 25550'
Dermaf Contact with Groundwater
SA (cm2) 20090' 5000 2200'
EF (days/year) 350 350 250
ED (years) 30d 6 1'

BW(kg) 59 15 70

AT-Noncancer (days) 10950' 2190° 250°
AT-Cancer (days) 25550f 25550r 25550'
Kp (cm/hour) Csvh Csvh b
B (unitless) Csvh CSVh csv
ET(hours) 02 0.2 4'
t (hours) Csvh Csvh Csvh

S Parameter values are intended to characterize the reasonable maximum exposure. The age-adjusted resident is used to
evaluate carcinogenic groundwater constituents and the child resident is used to evaluate noncarcinogeruc groundwater
constituents
Parameter values obtained from EPA (1991), unless otherwise noted.
Best professional judgment.
EPA (1997a and 1999). "Resident" is a time-weighted-average adult and child resident. Exposure parameters for the
resident are calculated based on default values for the adult and child.
Calculated as the product of ED (years) x 365 days/year.
Calculated as the product of 70 years (assumed lifetime ) x 365 days/year.
EPA (1997a). Surface area for the resident includes the entire body surface area. Surface area for the construction
worker includes hands and feet.

Ii Chemical specific value.

U.S. Air Force Center for Environmental Excellence
F Dciivcrabie\AFCEEDO36\T,bJc, HydmGtot.ogic, inc iIiOIOi



8 9 HydroGeoLogic, Inc. —Baseline Risk Assessment—Former Carswell AFB, Texas

Table 7
Parameters Used to Estimate Potential Exposures

For Surface Water Receptorsa

5f.._;_y

of Surface Water

0.005' 0005d 0005d

(days/year) 12d 24d

(years) 6d 24d 10d

56 70 70

Time-Noncancer (days) 2,19(Y 8,760c 3,650

(days) 25,550 25,550 25,550

to Surface Water

(cm2) 980 1,l20 l,l2O

(days/year) 12d d 24d

(years) 24d (P

56 70 70

Time-Noncancer (days) 2,19 8,760t 3,650'

(days) 25,550 25550 25,550

values are intended to characteriae the RME.
values obtained from EPA (1991c), unless otherwise noted.

judgment.
Ingestion rate estimated as 1/10th the volume of incidental ingestion while wading.
Exposure Frequency: Assumes that the recreational user will visit the site 2 days of every month;
trespasser will visit once a month; and maintenance worker will work in the water bodies once a

Exposure Duration: Assumes that the recreational user will visit the site for 10 years; the
visit during the 6 years between age 13 and 18, and the maintenance worker will work for a

year working age.
the product of ED (years) x 365 days/year.
the product of 70 years (assumed lifetime) x 365 days/year.
surface area of adult hands for the maintenance worker and recreational user and teenage
for the trespasser.

U.S. Air Force Center for Environmental Excellence
F DchvcrablcAFCEEDO36VTabIcs dcc HydroceoLogic. Ii 1/10/01

S
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HydroGeoLogic, Inc. —Baseline Risk Assessment—Former Carswell AFB, Texas

Table 8

7.10 90

Parameters Used to Estimate Potential Exposure
For Sediment Receptors

1a$It$UUSIuSMIm!wun Mabtenañce
HWorker:

Recreational
User

Incidental Ingestion of Sediment

Ingestion Rate (mg/thy) ? 5a 55

Fraction Ingested (unitless) ? i P

Sediment Exposure Frequency (thy/yr) 12 12' 24'

Exposure Duration (years) 6 24' iøa

Body Weight (kg) 56 70 70

Averaging Time-Noncancer (days) 2,190" g,760b 3,650"

Averaging Time-Cancer (thys) 25,550' 25,550' 25,550'

Denial Exposure to Sediment

Skin Surface Area (cm2) 980d 1,120d 1,120d

Skin Adherence Factor (mg/cm2) 0.Y 0.08e 0.08e

Absorption Factor (unitless) Chemical-specific1 Chemical-specific1 Chemical-specifict

Exposure Frequency (days/year) 12' 12' 24'

Exposure Duration (years) 6' 24' 10'

Body Weight (kg) 56 70 70'

Averaging Time-Noncancer (days) 2,190" 8,760" 3,650"

Averaging Time-Cancer (days) 25,550' 25,550' 25,55(1

•
Best professional judgment.

Ingestion rate is 1110th of the adult soil ingestion rate.
Fraction Ingested: For RME, it is assumed that 100 percent of the sediment ingested on days that the site is visited.
Exposure Frequency: Assumes the recreational user visits the site two days each month; trespasser will visit once a month;
and maintenance worker will work in the water body once a month.
Exposure Duration: Assumes the recreational user visits the site for 10 years; trespasser will visit during the 6 years
between age 13 and 18; and the maintenance worker will work for a traditional 24 year working age.

Calculated as the product of ED (years) x 365 days/year.
Calculated as the product of 70 years (assumed lifetime) x 365 days/year.
EPA (i997a). Surface area based on adult hand surface area for recreational user and maintenance worker and teenage hand for
trespasser.
EPA, 1998b Adherence factor for trespasser based on child default value; value for maintenance worker and recreational user is
based on adult default value.
EPA, 1998b

U.S. Air Force Center for Environmental Excellence
F DcIivenbie\AFCEE\DO36\TabIes doc Hydro43coLogic. Inc ii/30/Oi
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Table 13

Unit Risk Values for Carcinogenic Groundwater COPCsa
Former Carswell AFB, TX

':
Chemicals of Concern

;—ReceptorJct'
Age-Adjusted Adult ConstructionWrIi-

Inorganics
Arsenic 1 .9e-2 6.2e-4
Chromium VI b --

Volatile Organics
Benzene 1.8e-3 2.9e-5

Chloroform 4.3e-3 8.5e-5

1,4-Dschlorobenzene 1.6e-3 2.óe-5

1,1-Dichioroethene 1.Se-2 2.le-4
Cis- 1 ,2-Dichloroethene -- --

Tetrachloroethene 1.2e-3 6 8e-6
Trichioroethene 4.7e-4 6.7e-6

Vinyl chloride 2.Oe-2 6.6e-5

Semivolatile Organics

Bis(2-ethylhexyl)phthalate I
5.4e-4 6.7e-4

values represent risk per mgJL.
b -- = not a carcinogemc COPC.
(1) Equations used to calculate Unit Risk and Unit Hazard values are presented in Section 2.6. and spreadsheets providing chemical-

specific parameter values in Appendix C.

Table 14
Unit Hazard Values for Noncarcinogenic Groundwater COPC?

Former Carswell AFB, TX

U :, •;1:- r2-_"&
- , Child - Construction

Inorganics
Arsenic 2.7e2 1.7e1

Chromium VI 2.6e1 2.6e0
Volatile Organics

Benzene 2.2e2 6.4e1

Chloroform 3.7e3 1.2e3

1,4-Dichlorobenzene 3.7e0 5.4e-1

1,1-Dichloroethene 4.4e1 1.2e1

Cis-1,2-Dichloroethene 3.9e1 1.leI
Tetrachloroethene 1. 7e 1 1. 9e0

Trichloroethene 6.7e1 1.9e1

Vinyl chloride 3.4e1 3.Sel

Semivolanle Organics
Bis(2-ethylhexyl)phthalate I 1.Sel 1.4e0

• values represent hazard per mg/L.
(1) Equations used to calculate Unit Risk and Unit Hazard values are presented in Section 2.6, and spreadsheets providing chemical-
specific parameter values in Appendix C.

U.S. Air Force Center for Environmental Excellence
F DeIiver2bleAFCEE¼DO36\ROi-Oi 572_REV2 -- HydroGeoLogic. lix i/iO/Oi
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Parameters
Table 20

Used to Model Uptake into Small Mammal Prey
Former Carswell AFB, TX

, Food-based SoMe-Mammal Uptake . .

Na
-. Transfer

me: Factor
MadelParameters

'

- SoutceI P

1 .OOE-03

2.63E-02

3.51E-03
5.66E-02
2.1SE-O1
4.30E+OO
6.21 E-O1

5.43E-O1
2.05E-02
5.43E-02
7.82E-O1
1.23E-02
8.75E+O1

1.OOE+OO

1.14E+OO
1.OOE+OO

5.66E-O1
2.68E-O1
6 21E-O1
5.18E-O1
1.OOE+OO

1.OOE+OO

4.66E-O1
1.OOE+OO

7.38E-02

Sample et al., 1998
Baes et a!. 1984
Sample et at., 1998
Sample et at., 1998
Sample et at., 1998
Sample et al., 1998
Sample et al., 1998
Sample et al., 1998
Sampte et al., 1998
Sample et al., 1998
Sample et al., 1998
Sampleetal., 1998
Sample et a!., 1998

he

phth
ne
alate

4.75E-05
3.50E-O1 1.OOE+OO

Garten and Trabalka, 1983
EPA, 1995

U.S. Air Force Center for Environmental Excellence
M \DeliverablesAFCEEDO2Eina1 RA\Tables doe HydroGeoLogic, hr 12/30/01
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Table 21

710 102

Toxicity Benchmark Values for Mammalian Receptors
Former Carswell AFB, Texas

(from Sample et al., 1996, except where noted)

Chemical Name
Test

species

Body
weight

(kg) Form,
Exposure

route
Exposure
duration Endpoint

Chronic
NOAEL.

(mglkgld)

Chronic
LOAEL

(mglkgld)
Inorganics

Ajuminum Mouse 0 03 Aluminum chlonde Oral in water
3 generations

(chronic)
Reproductive

effects 1.93 19.3

Ontimony Mouse 0.03
Antimony

potassium tartrate Oral in water
lifetime

(chronic) Longevity 0.125 1 25

Axsenlc Mouse 0.03 Arsenite Oral in water
3 generations

(chronic)
Reproductive

effects 0.126 126

Barium Rat 0 435 Banum chlonde Oral in water
16 months

(chronic)
growth,

hypertension 5 1 —

Barium Rat 035 Banumchlonde
Oralgavage

inwater
lOdays

(subchronic)
growth,

hypertension — 19.8

Cadmium Rat 0 303 Cadmium ct,londe Oral gavage
6 weeks

(chronic)
Reproductive

effects 1 0 10

Copper Mink 1 Coppersulfate Oralindiet
357 days
(chronic)

Reproductive
effects 11 7 15.14

Irona Rat 0.35 unspecifIed Oral Acute Mortality 300 3000

Lead Rat 0.35 Lead acetate Oral in diet
3 generations

(chronic)
Reproductive

effects 8 80

Manganese Rat 0.35 Manganese oxide Oral in diet
224 days
(chronic)

Reproductive
effects 88 284

Mercury
(Inorganic) Mink 1 Mercunc chlonde Oral in diet

6 months

(chronic)
Reproductive

effects 1.0 10

Mercury (organic) Rat 0.35
Methyl mercury

chlonde Oral in diet
3 generations

(chronic)
Reproductive

effects 0 032 0.16

Nickel Rat 0.35
Nickel sulfate

hexahydrate Oral in diet
3 generations

(chronic)
Reproductive

effects 40 80

Janadium Rat 0.26
Sodium

metavanadate
Oral

intubation

60 days +

reproduction
(chronic)

Reproductive
effects 0.21 2.1

ZInc Rat 0.35 Zinc oxide Oral in diet

days 1-16 in

gestation
(chronic)

Reproductive
effects 160 320

Organics

.
cls-1 ,2

Dichioroethylene Mouse 0.03
1,2-

Dichloroethylene Oral in water
90 days

(subchronic)

Body and organ
weight, blood

chemistry, hepatic
function 452 452

Bis(2-ethylhexyl)
phthalate Mouse 0.03

Bis(2-ethylhexyl)
phthalate Oral in diet

105 days
(chronic)

Reproductive
effects 18.3 183

aBased on an acute oral LD of 30,000 mg/kg from RTECS (2001) and uncertainty factors of 0 01
to convert to the chronic NOAEL and 0.1 to convert to the chronic LOAEL.
NOAEL = No-observed-adverse-effect level
LOAEL = Lowest-observed-adverse-effect level

U.S. Air Force Center for Environmental Excellence
M \Deiivcnbies\AFCEE\D02\Finsi RA\Tablcs doe IlydroQeoLogic. ii I i/3010i
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710 103
Table 22

Toxicity Benchmark Values for Avian Receptors
Former Carswelt AFB, Texas

(from Sample et at., 1996)

Chemical Name
Test

species
Body

weight (kg) Form
Exposure

route
Exposure
duration Endpoint

Chronic
NOAEL

(mglkqld)

Chronic
LOAEL

(mgikg!d)
Inorganics

Aluminum
Ringed

dove 0155 Aluminum sulfate Oral in diet
4 months

(chronic)
Reproductive

effects 1097 1097

\ntimony — — — — — — — —

\rsenic Mallard 1 Sodium arsenite Oral in diet
128 days
(chronic) Mortality 5.14 12.84

Banum Chicken 0 121 Banum hydroxide Orai in diet
4 weeks

(subchronic) Mortality 20 8 41 7

Cadmium Mallard 1 153 Cadmium chlonde Oral in diet 90 days (chronic)
Reproductive

effects 1 45 20

Copper Chicken 0534 Copper oxide Orai in diet
10 weeks

(chronic)
Growth,
mortality 47 61 7

Iron — — — — — — — —

Lead
Japanese

quail 0 15 Lead acetate Oral in diet
12 weeks

(chronic)
Reproductive

effects 113 11.3

Manganese
Japanese

quail 0072 Manganese oxide Oral indict 75 days (chronic

Growth,
aggressive

behavIor 977 9770

Mercury
(inorganic)

Japanese
quail 0 15 Mercunc chionde Oral in diet 1 year (chronic)

Reproductive
effects 045 0 9

Mercury (organic) Mallard 1

Methyl mercury
dicyandiamide Oral in diet

3 generations
(chronic)

Reproductive
effects 0 0064 0064

Nickel Mallard 0 782 Nickel sulfate Oral in diet 90 days (chronic)

Mortality.
growth,
behavior 77 4 107

/anadium Mallard 1.17 Vanactyl sulfate Oral in diet
12 weeks

(chronic)

Mortality, body
weight, blood

chemistry 11 4 114

Zinc Chicken 1 935 Zinc sulfate Oral in diet
44 weeks
(chronic)

Reproductive
effects 14.5 131

Zinc Rat 0 35 Zinc oxide Oral in diet

days 1-16 in

gestation
(chronic)

Reproductive
effects 160 320

Organics

cis-1 ,2-
Dichloroethene Chicken 1 6

12-Dichloroethane
(surrogate) Oral in diet 2 year (chronic)

Reproductive
effects 172 344

Bis(2-ethylhexyl)
phthalate

Ringed
dove 0.155

Bis(2-ethylhexyi)
phthalate Oral in diet

4 weeks
(chronic)

Reproductive
effects 1.1 11

NOAEL = No-observed-adverse-effect level
LOAEL = Lowest-observed-adverse-effect level

U.S. Air Force Center for Environmental Excellence
M \Deiivcrabies\AFCEE\DO2FinaI RA\Tahics doc HydmGcoLag.c, Inc 1130/01
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Appendix B

Toxicity Profiles for Carcinogenic and Noncarcinogenic COPCs
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ACETONE

Human Health Effects

Exposure to acetone may occur through inhalation, ingestion, or dermal exposure.
Studies of workers exposed to acetone revealed irritation of the ocular and respiratory

tract mucosa, and at high concentrations, central nervous system (CNS) effects
(American Conference of Governmental Industrial Hygienists [ACGIHI, 1991). Rats

exposed by inhalation to high concentrations exhibited narcosis and slight decreases in

organ and body weight, compared with controls, but no clinical pathologic3l or
histopathological evidence of organ damage. Inhalation reference concentration (RfC)

values were not located for acetone. Oral toxicity data are limited to a comprehensive

90-day gavage study in rats, in which 100 mg/kg/day was a no observed effect level

(NOEL) and 500 mg/kg/day was the lowest observed adverse effect level (LOAEL)

associated with increased liver and kidney weight and tubular nephropathy (EPA,

1996). A verified reference dose (RfD) for chronic oral exposure of 0.1 mg/kg/day

was derived by applying an uncertainty factor of 1,000 to the NOEL of 100 mg/kg/day.

The EPA (1995) presented a provisional subchronic oral RID of 1 mg/kg/day, based on

the same NOEL and an uncertainty factor of 100. The target organs for inhalation

exposure to acetone are the CNS and the respiratory and ocular mucosa. Target organs

for oral exposure are the liver and the kidney. There is no evidence to suggest that

acetone is carcinogenic or mutagenic and the EPA has classified acetone in Group D

(EPA, 1996).

Ecological Effects

Acetone is widely used as a chemical intermediate and solvent. It is also released from

volcanoes and forest fires and it a metabolic product released by plants and animals

(National Library of Medicine [NLMJ, 1993). Acetone in soil is expected to volatilize

and leach into the groundwater (NLM, 1993). It may also be degraded by
microorganisms (NLM, 1993).

Acetone has been detected as a natural volatile metabolite in onions, apples, grapes,

cauliflower, tomatoes, morning glory, and wild mustard (Graedel et al., 1986 as cited

in NLM, 1993). It has also been identified as a volatile component of baked potatoes,
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roasted filbert nuts, and in dried legumes (NLM, 1993). Information on the
phytotoxicity of acetone is very limited.

Because acetone is highly volatile, it can easily be inhaled (International Labour Office

[ILO], 1983 as cited in NLM, 1993). It may also be absorbed through the skin (ILO,

1983 as cited in NLM, 1993). Elimination of acetone and its metabolites occur

primarily via the lungs or in urine (ILO, 1983 as cited in NLM, 1993). Acetone has

been measured in insects as a naturally occurring volatile metabolite (Graedel et al.,

1986 as cited in NLM, 1993). It has also been identified as a component of hyman

breath (Conkle et al., 1975 as cited in Howard, 1990). Concentrations of acetone in

wild birds and mammals could not be located in the literature.

Specific data on the toxicity of acetone to wildlife do not exist. Exposure of mammals

to acetone can induce a depression of the central nervous system, loss of cornial

reflexes (Clayton and Clayton, 1982 as cited in NLM, 1993). Oral LD5O values for

rats, mice, and rabbits exposed to acetone are 5.8 g/kg, 3 g/kg, and 5.34 glkg,
respectively (Registry of Toxic Effects of Chemical Substances [RTECS], 1993).

Dermal LD50 values for rabbits and guinea pigs exposed to acetone are 20 g/kg and

>7.407 g/kg, respectively (RTECS, 1993). An inhalation LC5O value of 50.1 g/m3/8hr

has been determined for rats exposed to acetone (RTECS, 1993). Adverse impacts on

fertility have been reported in male rats exposed to 273 g/kg acetone for 13 weeks prior

to mating (RTECS, 1993). Wildlife NOAELs for acetone based on extrapolations from

laboratory rat studies are 20 mg/kg for the white-footed mouse, 16.8 mg/kg/d for the

meadow vole, and 5.3 mg/kg/d for the red fox (Opresko et al., 1996).

Acetone in aquatic environments is expected to biodegrade and volatilize (NLM, 1993).

Adsorption to sediment and bioconcentration in biota are not expected to be significant

(NLM, 1993). A bioconcentration factor of 0.69 has been reported for adult haddock

exposed to acetone (Lyman et al., 1982 as cited in NLM, 1993).

Data on the toxicity of acetone to freshwater biota are limited. Federal Water Quality

Criteria does not exist for the protection of freshwater aquatic life from exposure to

acetone (EPA, 1986). The Ohio EPA Warmwater Habitat Water Quality Criteria for

the exposure to acetone is 78 mg/L. Suter et al. (1992), however, recommend acute
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and chronic advisory values of 31,000 .sg/L and 770 pg/L, respectively for the
protection of freshwater biota. Lowest chronic toxicity values of acetone to fish and

daphnids are estimated as 507,640 j.xgIL and 1,560 jig/L, respectively (Suter and Tsao,
1996). The test ECzo for fish can be used as a benchmark indicative of production

within a population. It is the highest tested concentration causing less than a 20%

reduction in either the weight of young fish per initial female fish in a life cycle or

partial life cycle test or the weight of young per egg in an early life stage test (Suter and

Tsao, 1996). The value for acetone has been estimated to be 161,867 j.xg/L (Suter and

Tsao, 1996).

B-3



710 206

REFERENCES

American Conference of Government Industrial Hygienists (ACGIH), 1991,
Documentation of the Threshold Limit Values and Biological Exposure Indices, 6th
ed., Cincinnati, OH.

Clayton, G. D. and F. E. Clayton, 1982, Patty's Industrial Hygiene and Toxicology:
Volume 2A, 2B, 2C: Toxicology, 3rd edition, John Wiley and Sons, New York, New
York.

Conkle, J. P., et al., 1975, Archives Environmental Health, 30:290-295. )

Graedel, T. E., et al., 1986, Atmospheric Chemical Compounds, Academy Press,
New York, New York.

National Library of Medicine (NLM), 1993, Hazardous Substance Data Bank,
produced by Micromedex, Inc.

Howard, P. H. (ed.), 1990, Handbook of Environmental Fate and Exposure Data for
Organic Chemicals, Vol. 2, Solvents, Lewis Publishers, Chelsea, Michigan.

International Labour Office (ILO), 1983, Encyclopedia of Occupational Health and
Safety, Vol. I and II, International Labour Office, Geneva, Switzerland.

Lyman, W. J., et al., 1982, Handbook of Chemical Property Estimation Methods,
McGraw-Hill, New York, New York.

Opresko, D. M., B. E. Sample, and U. W. Suter II, 1996, Toxicological Benchmarks
for Wildlife: 1996 Revision, Environmental Sciences Division, Oak Ridge National
Laboratory, Oak Ridge, Tennessee. ORNL/ES/ERITM-86/R3.

Registry of Toxic Effects of Chemical Substances (RTECS), 1993, Produced by
Micromedex, Inc.

Suter, G. W. II, M. A. Futrell, and G. A. Kerchner, 1992, Toxicological Benchmarks
for Screening of Potential Contaminants of Concern for Effects on Aquatic Biota on the
Oak Ridge Reservation, Oak Ridge, Tennessee, Oak Ridge National Laboratory, Oak
Ridge, Tennessee. ORNL/ER-139.

Suter, G. W. II and C. L. Tsao, 1996, Toxicological Benchmarks for Screening of
Potential Contaminants of Concern for Effects on Aquatic Biota: 1996 Revision, Oak
Ridge National Laboratory, Oak Ridge, Tennessee. ORNL/ES/ERITM-96/R2.

B-4



710 207

US Environmental Proteètion Agency (EPA), 1986, Quality Criteria for Water 1986,
Office of Water Regulations and Standards, USEPA, Washington, DC. EPA 40/5-86-
001.

U.S. Environmental Protection Agency (EPA), 1995, Health Effects Assessment
Summary Tables, Annual Update FY1992, Office of Emergency and Remedial
Response, Washington, DC.

U.S. Environmental Protection Agency (EPA), 1996, Integrated Risk Information
System (IRIS), Computer Database, EPA, Washington, DC.

•1

B-5



710 208

ALUMINUM

Human Health Effects

Aluminum has long been regarded as a non-toxic metal primarily because of its very

low absorption from the gastrointestinal (01) tract. While it is true that aluminum is

not absorbed to a great extent, there may be significant differences in absorption and

bioavailability depending on its speciation (EPA, 1987).

)
The greatest health concern regarding aluminum is its effect on the neurological system.

Some association has been implied between aluminum and Alzheimer' s Disease.

However, there is no evidence for a causative role for aluminum in the development of

Alzheimer's Disease. A second target organ for aluminum in both humans and
laboratory animals is bone. Several studies have shown that aluminum exposure may

cause osteomalacia. Osteomalacia has been documented in humans exposed to
aluminum in dialysis fluids. Several researchers have shown a positive correlation

between the level of exposure to aluminum, the amount of aluminum present in the

bone tissue, and the severity of the disease. Aluminum can also produce adverse

hematological effects in both humans and laboratory animals. Dialysis patients who

were exposed to high levels of aluminum tended to develop microcytic hypochromic

anemia, the mechanism for which is not clear. In a study by Touam et al. (1983) using

uremic and normal rats it was determined that when treated with aluminum both types

of rats developed microcytic anemia where uremic rats not treated with aluminum

displayed normocytic anemia (EPA, 1987).

Although there is sufficient data to demonstrate that aluminum is absorbed from the

gastrointestinal tract, the bioavailability and mechanism of absorption are not known

(Wilhelm, et al. 1990). Aluminum absorption is dependent on the chemical form, pH

of the intestine, concentration of aluminum, and dietary factors. Aluminum absorption

can range from 0.27 to 2.18% (Yokel and McNamara, 1988). Aluminum compounds

ranked in order of increasing absorption are aluminum borate, aluminum glycinate,

aluminum hydroxide, aluminum chloride, sucralfate, aluminum lactate, aluminum
nitrate, and aluminum citrate. Dietary factors such as phosphate, citrate, and fluoride

with which aluminum can complex influence absorption.
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In a subchronic and reproductive toxicity study, Ondreicka et al. (1966) exposed groups

of 10 male and female Dobra Voda mice (number of animals per sex not reported) to 0

or 19.3 mg Al/kg/day as aluminum chloride in drinking water for 180-390 days. The

diet contained 160 to 180 ppm aluminum (20.8 mg/kg/day, using a food factor of 0.13

kg diet/kg body weight/day, [EPA, 1986]). The total aluminum intake was, therefore,
40.1 mg/kg/day. The FO group produced 3 litters, the F 1 a group produced 2 litters.

The weanlings were exposed to aluminum in the drinking water starting at 4 weeks of

age. In the treated FO group, no effect on body weight gain was observed; significant

decreases (p <0.001) in body weight gain were observed in the treated Fib, FicF2a

and F2b groups. No effects on erythrocyte count, hemoglobin levels, or histopathology

of the liver, spleen, and kidneys were observed in the FO or F2 generations. No

significant differences were seen in the number of litters or offspring between the

exposed and control groups. This study identifies a lowest-observed-adverse-effect-

level (LOAEL) of 40.1 mg/kg/day.

Groups of 16 pregnant Swiss-Webster mice were fed a diet containing 25, 500, or 1000

mg Al/kg diet as aluminum lactate throughout gestation and lactation (Donald et al.,

1989). Animals fed the 25 mg/kg diet serve as the control groups. After weaning, the

young rats were fed the control diet for 2 weeks. The authors calculated that the

maternal doses at the beginning of gestation were 5 (control group), 100, and 200

mg/kg/day; at the end of lactation, the doses were 10.5 (control group), 210, and 420

mg/kg/day. No effects on maternal mortality, body weight, food intake, clinical signs,

or neurobehavioral performance were observed. Gestation length was statistically

(p < 0.028) altered in rats in the low and high dose groups. No effects were noted in

litter size, sex ratio, birth weight, body length, postnatal mortality, or the ability to
perform the righting reflex at birth. In preweanling neurobehavioral development

testing, significant alternations (pc 0.007) were observed in offspring of rats exposed
to the highest concentration. In post-weanling neurobehavioral testing, alterations were

observed in the low and high dose groups. Since Muller et al. (1990) determined that

developmental toxicity of aluminum occurs during the early part of gestation, the doses

at the beginning of gestation are used to define a LOAEL of 100 mg/kg/day.

The most sensitive endpoints of toxicity following oral exposure to aluminum appear to

be decreased body weight gain and neurotoxicity. The Ondreicka et al. (1966) study
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identified the lowest LOAEL (40.1 mg/kg/day) for decreased body weight gain. This
study is inadequate for use as a basis for an RfD due to its small sample size and poor

reporting of study details. A LOAEL of 100 mg/kg/day for minimal neurotoxicity in

the offspring of mice exposed to aluminum lactate in the diet during gestation and

lactation was identified by Donald et al. (1989). The RID for aluminum and soluble

aluminum compounds can be based on this LOAEL of 100 mg Al/kg/day. Application

of an uncertainty factor of 100 (3 for use of a minimal LOAEL, 10 for interspecies

extrapolation, and 3 to protect sensitive individuals) results in a RfD of 1 mg/kg/day.

)
Ecological Effects

Aluminum appears to be essential for the growth of some plant species (Kabata-Pendias

and Pendias, 1992). Concentrations in the foliage of crop plants are usually less than

300 milligrams (mg) per kilogram (kg) (dry weight) (Bollard, 1983). Higher
concentrations of aluminum are usually detected in older rather than younger leaves

(Bollard, 1983). Some species of plants, such as the cranberry (Vaccinium
macrocarpon), are able to tolerate high concentrations of aluminum (Medappa and

Dana, 1968, as cited in Foy, 1974). Generally, acid-soil plants (calcifuges) are more

tolerant to aluminum than calcareous-soil plants (calcicoles) (Clymo, 1962; Grime and

Hodgson, 1969, as cited in Foy, 1974). Because flower color in Hydrangea

macrophylla is related to aluminum concentrations (blue flowers contain higher

concentrations than pink flowers) (Asen et al., 1963, as cited in Foy, 1974), Hydrandea
can serve as useful indicators of soluble aluminum concentrations in soil.

Difference in the toxicity of aluminum to plants is closely linked to the differential

uptake and transport of calcium (Foy, 1974). Interactions of aluminum with potassium,

silicon, and organic acids have also been reported (Foy, 1974). According to Foy

(1974), aluminum toxicity in plants usually does not occur in soils with pH values

above 5.5. Toxicity is, however, common and adverse at soil pH values below 5.0

(Foy, 1974). The addition of nitrogenous fertilizers to soil increases the toxicity of

aluminum to plants by displacing exchangeable aluminum into soil solution and
lowering soil pH (Foy, 1974). Concentrations of silver in leaf tissue that are excessive

or toxic to various plant species with the exclusion of very sensitive and highly tolerant

species, range from 5 to 10 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992).
Tissue aluminum concentrations that may result in a 10 percent reduction in crop yield
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range from 40 to 280 mg/kg (dry weight) (Macnicol and Beckett, 1985). A soil
concentration of 50 mg/kg (dry weight) has been proposed by Will and Suter (1994) as

a benchmark screening value for aluminum phytotoxicity. Signs of aluminum toxicity

in plants include overall stunting of growth, the presence of dark green leaves, purpling

of stems, death of leaf tips, and coralloid and damaged root systems (Kabata-Pendias

and Pendias, 1992).

Aluminum is not an essential element for animal growth and development. Limited

data exist on the concentrations and effects of aluminum on wildlife. Most abs9rbed

aluminum is eliminated through the kidney (Kovalchik et al., 1978, as cited in NLM,

1996).

Data do not exist on the effects of aluminum on wild mammals. Laboratory studies

have shown inhalation of aluminum dust to induce infections and diseases of the lung

(Browning, 1969, as cited in NLM, 1996). A derived chronic no observable adverse

effect level (NOAEL) of 0.043 mg/kg per day (/d) has been reported for laboratory rats

exposed to aluminum (EPA, 1996). Based on laboratory data on aluminum toxicity in

laboratory mice, Opresko et al. (1994) estimated chronic oral NOAELS to be
2.138 mg/kg/d for the white-footed mouse and 0.369 mg/kg/d for the red fox. The

drinking water NOAELs for these species were estimated to be 7.127 and 4.374 mg/L,

respectively.

There is a greater amount of information on the toxicity of aluminum to birds than on

the toxicity of aluminum to mammals. Dietary ingestion of aluminum at concentrations

of approximately 1,400 mg/kg produced declines in inorganic phosphorus levels in
blood and resulted in the development of severe rickets in chickens (Browning, 1969,

as cited in NLM, 1996). No adverse effects were observed in black ducks (Anas

rubripes) fed diets containing 1,000 mg/kg aluminum as aluminum sulfate over a period

of 12 days (Sparling, 1990). Diets with low calcium and phosphorus concentrations

adversely affected the response of the ducks to aluminum (Sparling, 1990). Reduced

consumption of diets containing 5,000 mg/kg aluminum has also been observed
(Sparling, 1990). An estimated acute LD50 (lethal dose that will result in 50 percent

deaths in the test population) of 111 mg/kg is reported for exposure of birds to
aluminum (Schafer et al., 1983). Based on avian test data, extrapolated NOAELs for
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chronic exposure of avian species to aluminum sulfate are 45. 17 mg/kg/d for the great

blue heron and 57.9 mg/kg/d for the red-tailed hawk (Opresko et al., 1994). Drinking

water NOAELs for these species were 1.02 and 1.018 gIL, respectively.

Bioconcentration of aluminum has been reported for several freshwater species. A

bioconcentration factor for daphnids exposed to aluminum is 574 (Cowgill and Burns,

1975, as cited in Wren and Stephenson, 1991). Crayfish have been reported to have a

bioconcentration factor for aluminum of 1305 (Malley et al., 1987, as cited in Wren

and Stephenson, 1991). Forester (1980, as cited in Havlik and Marking, 1)987)

reported aluminum concentrations in the mollusc Anodonta grandis collected from acid-

stressed lakes to be as high as 1,500 mg/kg.

Federal Water Quality Criteria exist for the protection of freshwater aquatic life from

exposure to aluminum phosphide (EPA, 1996). The values for acute and chronic

exposure to aluminum are 750 and 87 micrograms (pg) per liter (L), respectively (EPA,

1996). Ohio Warmwater Habitat Water Quality Criteria do not exist for aluminum.

The lowest chronic values of aluminum reported in the literature for fish and Daphnia

are 3,290 and 1,900 .tg/L, respectively (Suter and Mabrey, 1994). The test ECzo (the

concentration that will result in a specified effect on 20 percent of the test population)

for fish can be used as a benchmark indicative of production within a population. It is

the highest tested concentration causing less than 20 percent reduction in either the

weight of young fish per initial female fish in a life cycle or partial life-cycle test or the

weight of young per egg in an early life-stage test (Suter and Mabrey, 1994). The
value for aluminum is 4,700 j.xg/L (Suter and Mabrey, 1994). A similar value can be

determined for daphnids, which reflects the highest tested concentration causing less

than 20 percent reduction in the product of growth, fecundity, and survivorship in a

chronic test with a daphnid species. The EC2O benchmark for exposure of daphnids to

aluminum is 540 sg/L (Suter and Mabrey, 1994).
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ANTIMONY

Human Health Effects

Antimony exists in the tn- and pentavalent states (Budavari, 1989). The

pharmacokinetics of antimony appear to be strongly valence- and species-dependent.

Elinder and Friberg (1986) estimated GI absorption to be at least 15 percent in mice

given a single oral dose of labeled trivalent antimony potassium tartrate. This estimate

was based on the recovery of labeled antimony in urine and tissues. Actual absorption

may have been considerably higher, because GI excretion starts immediately )after

absorption following an oral dose. The 15 percent absorption efficiency is considered

sufficiently conservative and well documented for use in estimating a dermal RtD from

the oral RfD.

Although quantitative data were not provided, Elinder and Friberg (1986) stated that

the pulmonary absorption of inhaled trivalent antimony is substantial.

Patterns of tissue distribution of absorbed antimony appear to be largely species-

dependent. In humans injected with labeled sodium antimony dimercaptosuccinate,

highest amounts of antimony are located in the liver, thyroid, and heart (Elinder and

Friberg, 1986). Smelter workers exposed to inhaled antimony compounds retain

antimony in their lungs for several years. Single or repeated injections of trivalent or

pentavalent antimony in monkeys, dogs, and mice result in highest levels in the kidney,

liver, and thyroid. Rats appear to retain higher levels in the blood than do other

laboratory animals. In rats, trivalent antimony is retained principally in the
erythrocytes (at least 95 percent), but pentavalent antimony is retained principally in the

plasma (about 90 percent).

In humans, pentavalent antimony appears to be cleared from the body more efficiently

than trivalent antimony (Elinder and Friberg, 1986). Urinary excretion predominates
over fecal excretion for both penta- and trivalent antimony, but particularly for

pentavalent antimony. In rats and hamsters, urinary excretion predominates for
pentavalent antimony and fecal excretion predominates for trivalent antimony.
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Chronic effects from occupational exposure include irritation of the respiratory tract,

pneumoconiosis, pustular eruptions of the skin called "antimony spots," allergic contact
dermatitis, and cardiac effects, including abnormalities of the electrocardiograph (ECG)

and myocardial changes (Elinder and Friberg, 1986). Cardiac effects were also

observed in rats and rabbits exposed by inhalation for 6 weeks and in animals (dogs,

and possibly other species) treated by intravenous injection. Inhalation RfC or RID

values were not located. The heart, respiratory tract, and skin are the principal target

organs for antimony.

.1

Data were not located regarding the carcinogenicity of antimony to humans. Antimony

fed to rats did not produce an excess of tumors (Goyer, 1991), but a high frequency of

lung tumors was observed in rats exposed by inhalation to antimony trioxide for 1 year

(Elinder and Friberg, 1986). The EPA (1995) classifies antimony a cancer weight-of-

evidence Group D substance. Quantitative cancer risks are not estimated for Group D

substances.

Ecological Effects

Aquatic organisms do not bioaccumulate antimony to an appreciable degree. Antimony
uptake by plants in contaminated soils has been reported as minimal, and is probably

restricted to the soluble or exchangeable species of antimony (Ainsworth, 1988).

Effects from antimony exposure on benthic community composition have been detected

at levels between 3.2 and 150 mg/kg (Long and Morgan, 1990). Data on antimony

suggest an effects range-low (ER-L) of 2 mg/kg, and an effects range-medium (ER-M)

of 25 mg/kg.
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ARSENIC

Human Health Effects

Most arsenic enters water supplies either from natural deposits in the earth or from

industrial and agricultural pollution. Arsenic is a natural element of the earth's crust.

It is used in industry and agriculture, and for other purposes. It also is a byproduct of

copper smelting, mining and coal burning. U.S. industries release thousands of pounds

of arsenic into the environment every year.

)
Arsenic occurs in compounds in the trivalent and pentavalent forms (Budavari, 1989).

The extent of the UI absorption of arsenic depends on the particular arsenic compound

ingested. Several studies with humans and laboratory animals indicate that the GI

absorption of dissolved trivalent or pentavalent arsenic exceeds 90 percent (Ishinishi, et

al., 1986). Hamsters appear to have somewhat lower (50 to 75 percent) GI absorption

of soluble arsenic compounds (ATSDR, 1990). Organic arsenic compounds, such as

occur in seafoods, are also readily absorbed (70 to 99.7 percent). The UI absorption of

less soluble compounds (e.g., arsanilic acid, arsenic trioxide) is determined by particle

size and pH of the gastric juice. An estimate of 80 percent GI absorption efficiency is

considered to be sufficiently conservative and well documented for use in estimating a

dermal RfD and cancer slope factor from the respective oral values.

The extent of absorption of arsenic from the lungs depends on the solubility of the

inhaled compound and particle size (ATSDR, 1990; Ishinishi, et al., 1986). In a study
with arsenite in cigarettes and with arsenic aerosols in lung cancer patients, deposition

was estimated at approximately 40 percent, and 75 to 85 percent of the deposited

arsenic was absorbed from the lungs within 4 days.

The occurrence of systemic toxic effects following dermal exposure to arsenic acid or

arsenic trichloride (Ishinishi, et al., 1986) indicates qualitatively that dermal absorption

of some arsenic compounds occurs.

In most animals, all but a small fraction of systemic arsenic is rapidly cleared from the

blood and other tissues (ATSDR, 1990). Residual arsenic is located in tissues (liver,

kidney, spleen, heart, skin, hair, epithelium of the upper UI tract) containing a high
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concentration of sulthydryl groups, to which arsenic preferentially binds (Ishinishi, et

al., 1986). In rats, more than in the other laboratory animals and in humans, arsenic

binds to the erythrocytes with high affinity and clearance from the blood is slow

(ATSDR, 1990).

Arsenic is extensively metabolized, principally in the liver, in humans and animals

(ATSDR, 1990). Metabolism involves methylation of trivalent arsenic (arsenite) to

dimethylarsinic acid, or, to a lesser extent, to monomethylarsonic acid. Both

methylation products, as well as inorganic arsenic, are excreted principally and rapidly

through the urine.

A lethal dose of arsenic trioxide in humans is 70 to 180 mg (approximately 50 to 140

mg arsenic) (Ishinishi, et al., 1986). Acute oral exposure of humans to high doses of

arsenic produces liver swelling, skin lesions, disturbed heart function, and neurological

effects. The only noncancer effects in humans clearly attributable to chronic oral

exposure to arsenic are dermal hyperpigmentation and keratosis, as revealed by studies

of several hundred Chinese exposed to naturally occurring arsenic in well water (EPA,

1996). Similar effects were observed in persons exposed to high levels of arsenic in

water in Utah and the northern part of Mexico. Occupational (predominantly
inhalation) exposure is also associated with neurological deficits, anemia, and
cardiovascular effects (Ishinishi, et al., 1986), but concomitant exposure to other

chemicals cannot be ruled out. The principal target organ for arsenic appears to be the

skin. The nervous system and cardiovascular systems appear to be significant target

organs for acute exposure to higher levels. Inorganic arsenic may be an essential

nutrient, exerting beneficial effects on growth, health, and feed conversion efficiency

(Underwood, 1977).

Inorganic arsenic is clearly a carcinogen in humans. Inhalation exposure is associated

with increased risk of lung cancer in persons employed as smelter workers, in arsenical

pesticide applicators, and in a population residing near a pesticide manufacturing plant
(EPA, 1996). Oral exposure to high levels in wellwater is associated with increased

risk of skin cancer (Tseng, 1977; EPA 1996). Extensive animal testing with various

forms of arsenic given by many routes of exposure to several species; however, has not

demonstrated the carcinogenicity of arsenic (International Agency for Research on
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Cancer [IARCJ, 1987). EPA (1996) classifies inorganic arsenic in cancer weight-of-
evidence Group A (human carcinogen) based on the incidence of skin cancer in the

Tseng (1977) study. EPA (1996) notes that the uncertainties associated with the oral

unit risk are considerably less than those for most carcinogens.

Ecological Effects

The National Academy of Sciences (1977) reports background arsenic concentrations in

terrestrial plants as ranging from 0.01 to 5 mg/kg (thy weight). On a fresh-weight

basis, concentrations in terrestrial flora are usually less than 1 mg/kg (Eisler, 1q88).

Plants growing near smelters generally contain higher concentrations than those grown

in uncontaminated areas. Clover tends to contain higher concentrations of arsenic than

grasses collected from the same area (Jones and Hatch, 1945). Natural variations

among plants, plant species, available soil arsenic, and growing conditions are all
responsible for differences in reported arsenic concentrations in plants. Generally,

roots of a plant contain higher concentrations of arsenic than leaves. Mushrooms are

relatively good accumulators of arsenic. The toxicity of arsenic to plants may differ

due to different soil conditions. Tissue concentrations of iron, aluminum, organic

matter, phosphate, and soil pH may have an effect on the availability of arsenic to the

plant. Various chemical forms of arsenic have different phytotoxicities. In general,

arsenates are less toxic to plants than arsenites. Concentrations of arsenic in leaf tissue

that are excessive or toxic to various plant species, with the exclusion of very sensitive

and highly tolerant species, range from 5 to 20 mg/kg (dry weight) (Kabata-Pendias and

Pendias, 1992). Concentrations from 1 to 20 mg/kg (dry weight) are expected to result

in a 10 percent loss in crop yield (Macnicol and Beckett, 1985). A soil concentration of

10 mg/kg (dry weight) has been proposed by Will and Suter (1994) as a benchmark

screening value for phytotoxicity in soils. In the past, organoarsenical herbicides were

used to inhibit the growth of weedy plants. General symptoms of arsenic toxicity in

plants include the presence of red-brown necrotic spots on old leaves, yellowing or

browning of roots, depressed tillering, wilting of new leaves, and root discoloration

(Kabata-Pendias and Pendias, 1992).

Background concentrations of arsenic in terrestrial biota are usually less than 1 mg/kg

(wet weight) (Eisler, 1988). Elfving et al. (1979) collected several species of small
mammals from an uncontaminated site in New York and found whole-body arsenic
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concentrations to range from the limit of detection to 0.8 mg/kg (dry weight). Arsenic

tissue concentrations in mammals are highest in kidney and liver tissues (Gregus and

Klaassen, 1986). Arsenic is not biomagnified through food chains.

In general, inorganic arsenic compounds are more toxic than organic arsenic
compounds, and trivalent forms of arsenic are more toxic than pentavalent forms.

Reported cases of arsenic poisoning in wildlife species are either due to acute or
subacute exposures. Incidents of chronic arsenic poisoning are rarely encountered in

wildlife (Eisler, 1988). )

Adverse effects of arsenic in mammals have been noted at a single oral dose of 2.5 to

33 mg/kg body weight (Eisler, 1988). Chronic oral doses of arsenic of I to 10 mg/kg

body weight has produced adverse effects in laboratory mammals, as have diets
containing arsenic at concentrations of 5 to 50 mg/kg (Eisler, 1988). The oral LDso for

laboratory rats exposed to arsenic is 763 mg/kg (RTECS, 1996). Based on laboratory

data on arsenic toxicity (as arsenite) in laboratory mice, Opresko et al. (1994) estimated

chronic oral NOAELs to be less than 0.140 mg/kg/d for the white-footed mouse and

0.024 mg/kg/d for the red fox. The NOAELs for arsenic consumed in drinking water

have been estimated to be 0.465 and 0.286 mg/L, respectively (Opresko et al., 1994).

This assumes no ingestion of arsenic in the diet. Arsenic metabolism and toxicity vary

greatly between species. Arsenic concentrations of greater than 10 mg/kg (wet weight)

in tissue are usually indicative of arsenic poisoning (Goede, 1985). Concentrations of

arsenic in hair of greater than 5 mg/kg have been reported in cases of chronic poisoning

and 10 to 30 mg/kg in cases of acute poisoning (Buck, 1978). Detoxification and

excretion of arsenic are relatively rapid processes, making the probability of chronic

arsenic poisoning from the continuous ingestion of small amounts of arsenic a rare

event (Eisler, 1988). General signs of arsenic poisoning include intense abdominal

pain, staggering gait, extreme weakness, trembling, salivation, vomiting, diarrhea,
prostration, collapse, and death (Eisler, 1988). Arsenic poisoning in mammals may

involve the respiratory, gastrointestinal, cardiovascular, and hematopoietic systems.
Adverse effects of arsenic toxicity can be reversible; however, they can also lead to

cancer and death. Teratogenic and mutagenic effects can also occur as a result of

exposure to arsenic.
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Studies with mallards have shown the acute oral LD5O for sodium arsenate to be 323

mg/kg body weight (NAS, 1977). The LD5O for California quail exposed to a single
oral dose of sodium arsenite is 47.6 mg/kg body weight (Hudson et al., 1984). A dose

of 500 mg sodium arsenate/kg diet is fatal to 50 percent of the mallards in the test

group within a period of 32 days (NAS, 1977). Based on avian toxicity data for
mallards exposed to sodium arsenite (5.135 mg/kg/d), chronic oral NOAELs for the

great blue heron and red-tailed hawk have been estimated by Opresko et al. (1994) as

3.85 and 4.94 mg/kg/d, respectively. Drinking water NOAELs for these species were

estimated to be 86.9 mg/L for the mallard, 87.0 mg/L for the heron, and 86.9 mg/p for

the hawk. Birds poisoned by inorganic trivalent arsenite usually show signs of

muscular incoordination, such as slowness, jerkiness, fluffed feather, drooped eyelids,

huddled position, immobility, seizures, and unkempt appearance (Eisler, 1988).

Several factors can modify the toxicity of arsenic in freshwater environments. These

include abiotic factors such as temperature, pH, organic content, phosphate
concentration, suspended solids, the speciation of arsenic, and the concentration of

other inorganic elements in the water column (Eisler, 1988). Inorganic forms of
arsenic are more toxic to aquatic biota than organic forms of arsenic. Early life stages

appear to be the most sensitive to arsenic concentrations. Although arsenic is

bioconcentrated by aquatic organisms, there is no evidence to support biomagnification

in aquatic food chains (Eisler, 1988). The bioconcentration factor for arsenic in fish

and invertebrates is approximately 17 (EPA, 1980, as cited in Eisler, 1988).

The United States Environmental Protection Agency s (EPA) National Ambient Water

Quality Criteria for arsenic in freshwater is 360 g/L for acute exposure and 190 j.tg/L

for chronic exposure of aquatic life to arsenic III (based on a water hardness of 100

mg/L) (EPA, 1996). The Ohio Warmwater Habitat Water Quality Criteria has been set

at 0.19 mg/L for arsenic. The lowest chronic values of arsenic III reported in the

literature for fish and Dap/inia are 2,962 and 914.1 p.tg/L, respectively (Suter and

Mabrey, 1994). The test EC2O for fish can be used as a benchmark indicative of

production within a population. It is the highest tested concentration causing less than

20 percent reduction in the weight of young fish per initial female fish in a life cycle or

partial life-cycle test or the weight of young per egg in an early life-stage test (Suter
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and Mabrey, 1994). The value for arsenic Ill is 2,130 xg/L for fish and 633 pg/L for

daphnids (Suter and Mabrey, 1994).

.1
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BARIUM

Human Health Effects

Barium is a naturally occurring alkaline earth mtal that comprises approximately 0.04

percent of the earth's crust (Reeves, 1986). Acute oral toxicity was manifested by 01

upset, altered cardiac performance, and transient hypertension, convulsions, and

muscular paralysis. Repeated oral exposures were associated with hypertension.

Occupational exposure to insoluble barium sulfate induced benign pneumocorjiosis

(ACGIH, 1991). The EPA (1996a) presented a verified chronic oral RID of 0.07

mg/kg/day, based on an NOAEL of 0.21 mg/kg/day in a ten-week study in humans

exposed to barium in drinking water and an uncertainty factor of 3. The EPA (1996a)

presented the same value as a provisional RID for subchronic oral exposure. A

provisional chronic inhalation Reference Concentration (RfC) of 0.0005 mg/m3 and a

provisional subchronic inhalation RfC of 0.005 were based on an NOEL for fetotoxicity

in a four-month intermittent-exposure inhalation study in rats (EPA, I 996a).
Uncertainty factors of 1000 and 100 were used for the chronic and subchronic RfC

values, respectively. The chronic and subchronic inhalation RE) values are equivalent

to 0.0001 and 0.002 mg/kg/day, assuming a human inhalation rate of 20 m3/day and

body weight of 70 kg. Barium is principally a muscle toxin. Its targets are the GI
system, skeletal muscle, the cardiovascular system, and the fetus.

The EPA (1995) classifies barium as a cancer weight-of-evidence Group D substance

(not classifiable as to carcinogenicity in humans). Cancer risk is not estimated for
Group D substances.

Ecological Effects

Although commonly detected in plants, barium is not an essential element for plant

growth. Background concentrations of barium in various food and feed plants are

reported to range from 1 to 198 mg/kg (dry weight) (Kabata-Pendias and Pendias,
1992). Concentrations are often highest in the leaves of cereals and legumes and lowest

in grains and fruits (Kabata-Pendias and Pendias, 1992). Barium concentrations in

excess of 10,000 mg/kg (dry weight) have been measured in some trees, shrubs, and in

Brazil nuts (Shacklette et al., 1978, as cited in Kabata-Pendias and Pendias, 1992). The
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availability of barium to plants is greatly influenced by the pH of the soil, with barium

more available under acidic soil conditions (Kabata-Pendias and Pendias, 1992). In

addition, antagonistic relationships have been observed between barium and calcium,

magnesium, and sulfur in soil and within plants (Kabata-Pendias and Pendias, 1992).

The concentration of barium in leaf tissue that has been reported as excessive or toxic

to various plant species, with the exclusion of very sensitive and highly tolerant

species, is 500 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992). A soil
concentration of 500 mg/kg (dry weight) has been proposed by Will and Suter (19%4) as

a benchmark screening value for barium phytotoxicity.

There is some controversy over whether barium is an essential element for animals.

Underwood (1971, as cited in Hammond and Beliles, 1980) observed improper growth

in rats and guinea pigs reared on barium-free diets. Barium acts much like calcium

and, as such, is found to accumulate in bone (Luckey et al., 1975). Background
concentrations of barium in wildlife were not found in the literature.

Soluble forms of barium have been found to be much more toxic than insoluble forms

following oral exposure (Hammond and Beliles, 1980). Insoluble forms of barium,
however, can be hazardous if inhaled (Hammond and Beliles, 1980). Based on

laboratory rat toxicity data for barium chloride (estimated NOAEL of 5.06 mg/kg/d),

extrapolated NOAELs for chronic oral exposure of various mammalian wildlife species

to barium range from 1.015 mg/kg/d to 19.32 mg/kg/d (Opresko et al., 1994).
Calculated chronic drinking-water NOAELs for wildlife are 45.2 mg/L for the white-

footed mouse, 37.5 mg/L for the cottontail rabbit, and 27.7 mg/L for the red fox
(Opresko et al., 1994). Similar values have been estimated by Opresko et al. (1994) for

birds orally exposed to barium hydroxide. Based on a NOAEL of 20.86 mg/kg/d for a

chicken, oral NOAELs for the great blue heron and red-tailed hawk were calculated to

be 7.8 and 10.0 mg/kg/d, respectively. The drinking water NOAEL for these birds
was 176 mg/L.

Background concentrations of barium in freshwater aquatic organisms could not be

located in the literature. The USEPA benchmark for barium is 0.0039 (EPA, 1996b).

No Ohio Warmwater Habitat Water Quality Criteria exist for the protection of
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freshwater biota from elevated barium concentrations. Suter and Mabrey (1994),
however, have estimated acute and chronic advisory levels for barium to be 69.1 and

3.8 tg/L, respectively. Most waters are believed to contain sufficient concentrations of

sulfate or carbonate to precipitate the barium in the water column as an insoluble

nontoxic compound (EPA, 1986).

)
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BENZENIE

Human Health Effects

Benzene, the simplest of the aromatic hydrocarbons, is a by-product of the petroleum

and coke oven industries. It has been widely used in the chemical and drug industries

and as a solvent for paints, resins, lacquers, and plastics. Benzene is part of gasoline

and a by-product of partial combustion such as with vehicle exhausts and cigarette

smoke. Its toxicity has been reviewed by EPA (1980, 1984, and 1989), Mehlman

(1983), Sandmeyer (1981), ATSDR (1987), and NLM (1996).

The most significant environmental fate process for benzene is volatilization for either

water or soil into air. Within the air medium, the dominant fate process is oxidation

via the hydroxyl radical. The half-life for benzene biodegradation depends upon

temperature, substrate concentration, oxygen availability and organism acclimation.
Half-lives for benzene biodegradation in ground water range from 10 days to 2 years.

The EPA has estimated a half-life in soil for benzene of 5 to 16 days based upon the

unacclimated aerobic biodegradation half-life.

Exposure to benzene can occur by ingestion, inhalation, and by dermal absorption.
Due to its volatility, the major route of entry of benzene is by vapor inhalation.

Respiratory uptake is approximately 50 percent. Dermal absorption in humans, which
is approximately 1 percent, is a function of concentration and contact time with the

skin. Much of the absorbed benzene is deposited in the body fat and fatty tissues.

Small amounts of benzene are exhaled unchanged, but most is metabolized in the liver

followed by excretion by the kidney.

Following an acute exposure, benzene toxicity appears to be due primarily to its effect

on the central nervous system. Recovery from an acute exposure depends on the initial

severity of the exposure. Symptoms may last for two to three weeks. The important

toxic manifestations related to chronic, low dose benzene exposure are effects to the

blood forming tissues, although central nervous system effects and gastrointestinal
effects are also seen. There is evidence of a progression in severity of effects in these

hematopoietic tissues, ranging from pancytopenia to aplastic anemia and possibly to
myelogenous leukemia. Benzene is classified by the EPA as a Group A, known human,
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carcinogen. Immunologic effects have also been related to exposure to benzene. In

humans, depression of antibody producing cells (B-cells) and cells that mediate cellular

immune function (T-cells) has been reported. In animal experiments, benzene has been

shown to be embryotoxic and fetotoxic, although these effects were observed at doses

that were also maternally toxic. Studies on the reproductive effects of benzene have

been inconclusive.

Beuzene toxicity may be altered by simultaneous exposure to some other solvents (e.g.,

xylene or toluene). These other aromatic solvents are metabolized by many of the 9ame

hepatic enzyme systems that metabolize benzene. Since the metabolites of benzene are

suspected of inducing bone marrow toxicity, inhibition of benzene metabolism by

toluene may increase the toxicity of benzene.

Only limited aquatic studies are available for benzene. In acute studies, it is lethal to

various species at doses ranging for 5,000 .tg/L to over 200,000 j.tg/L. No useful

chronic studies were located.

Ecological Effects

Both natural and artificial sources of benzene exist. Natural sources include volcanoes,

crude oil, forest fires, and volatile plant components (IARC, 1982, and Graedel, 1978,

as cited in NLM, 1996). Artificial sources are related to benzen&s use in gasoline and

as a solvent (NLM, 1996). Benzene at the surface of soils is expected to rapidly

volatilize (NLM, 1996). The compound will be mobile in soil and is expected to leach

into groundwater (NLM, 1996). Biodegradation of benzene in soil may occur (NLM,

1996). Benzene in aquatic environments is expected to volatilize rapidly from the water

surface (NLM, 1996). Adsorption to sediment, hydrolysis, and bioconcentration are

not expected to be significant (NLM, 1996). There is limited evidence that supports

biodegradation of benzene in freshwater environments (NLM, 1996).

Information on the concentration of benzene in wild flora or phytotoxicity data on

benzene could not be found in the literature.

Benzene is readily absorbed by the lung and the 01 tract and accumulates mainly in fat,

with lower concentrations in bone marrow, brain, heart, kidney, lung, and muscle
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(IARC, 1974; Goodman and Gilmann, 1970; and Clayton and Clayton, 1982, as cited

in NLM, 1996). Benzene is eliminated in its original form in expired air following

exposure to the compound (IARC, 1974, as cited in NLM, 1996).

Specific data on the toxicity of benzene to wildlife do not exist. Toxicity to benzene is

often associated with adverse effects on the heart (Clayton and Clayton, 1982, as cited

in NLM, 1996) and nervous system (Patty, 1963, as cited in NLM, 1996). Toxicity to

benzene is largely attributed to one or more metabolites of benzene (IARC, 1982, as

cited in NLM, 1996). Benzene is considered a potent bone marrow toxin in anjmals

(Lewis et al., 1988, as cited in NLM, 1996). Oral LDso value for rats and mice

exposed to benzene are 930 and 4,700 mg/kg, respectively (RTECS, 1996). Lethal
concentrations that will result in death of 50 percent of the test population (LCso)

following exposure via inhalation of benzene are 10,000 ppm over a seven hour period

(ppml7 hr) for the rat and 9,980 ppm for the mouse (RTECS, 1996). Dermal LD5o

value for rabbits and guinea pigs exposed to benzene are greater than 18:263 g/kg for

both species (RTECS, 1996). The lowest published lethal oral dose of benzene for

dogs is 2 g/kg (RTECS, 1996). The lowest published lethal inhalation concentration of

benzene to rabbits, dogs, and cats are 45,000 ppm/3O minutes (mm); 146,000 mg/m3;

and 170,000 mg/m3, respectively (RTECS, 1996). Benzene can be phytotoxic at

inhalation concentrations as low as 50 ppmI24 hrs (RTECS, 1996). Teratogenic effects

have been reported in the offspring of pregnant mice exposed to benzene at an
inhalation concentration as low as 20 ppmló hr during the sixth to fifteenth day of

pregnancy (RTECS, 1996). Benzene has been shown to be genotoxic, mutagenic, and

carcinogenic to rodents (RTECS, 1996).

Wildlife NOAELs for benzene based on extrapolations from laboratory rat studies are

29.2 mg/kg for the white-footed mouse, 7.8 mg/kg/d for the cottontail rabbit, and

5.05 mg/kg/d for the red fox (Opresko et al., 1994). Calculated chronic drinking-water

NOAELs for mammalian wildlife exposed to benzene in drinking water only range

from 33.4 to 260 mg/L (Opresko et al., 1994).

Data on concentrations of benzene in aquatic organisms could not be found in the

literature. A bioconcentration factor of 4.3 has, however, been reported for goldfish

exposed to benzene (Ogata et al., 1984, as cited in NLM, 1996).
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Data on the toxicity benzene to freshwater biota are limited primarily to fish studies.

Ninety-six hour LC5O values for bass (Morone saxatilis), crab larvae (Cancer magister),

and grass shrimp (Palaemonetes puglo) exposed to benzene are 5.8 to 10.9 mg/L,

220 mg/L, 1,108 mg/L, and 27 mg/L, respectively (Verschueren, 1983, as cited in
NLM, 1996). Federal Water Quality Criteria does not exist for the protection of
freshwater aquatic life from exposure to benzene (EPA, 1996). The lowest effect level

listed by EPA (1996) for acute exposure is 5,300 sg/L. Suter and Mabrey (1994),

however, recommend acute and chronic advisory values of 815 and 45.5 .xg/L,

respectively for the protection of freshwater biota. Lowest chronic toxicity valups of

benzene to fish and daphnids are 8,250 ig/L and greater than 98,000 gg/L, respectively

(Suter and Mabrey, 1994). The test EC2O for fish can be used as a benchmark
indicative of production within a population. It is the highest tested concentration

causing less than a 20 percent reduction in either the weight of young fish per initial

female fish in a life cycle or partial life-cycle test or the weight of young per egg in an

early lifestage test (Suter and Mabrey, 1994). The value for benzene is 21 p.gfL (Suter

and Mabrey, 1994).
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BIS(2-ETHYLHEXYL)PHTIIALATE; (DI[2-ETHYLHEXYL]

PHTHALATE)

Human Health Effects

The acute oral toxicity of bis(2-ethylhexyl)phthalate is very low; oral LD5o,3o (lethal

dose to 50 percent of population within 30 days without medical treatment) values in

rats and mice were 33,800 and 26,300 mg/kg, respectively (ACGIH, 1991). Repeated

high-dose oral exposures were associated with decreased growth, altered organ weights,

testicular degeneration, and developmental effects. The EPA, (1996a) presenbed a
verified chronic oral RID of 0.02 mg/kg/day based on an LOAEL for increased relative

liver weight in guinea pigs and an uncertainty factor of 1000. The EPA (1995) adopted

the chronic oral RID as the provisional subchronic oral RID. The principal target

organs for the toxicity of bis(2-ethylhexyl)phthalate are the liver and testis.

The EPA (1996a) classifies bis (2-ethylhexyl)phthalate in cancer weight-of-evidence

Group B2 (probable human carcinogen), based on inadequate human cancer data (one

limited occupational study) and sufficient cancer data in laboratory animals. An oral

slope factor of 0.014 per mg/kg/day was based on the increased incidence of liver
tumors in a dietary study in male mice.

Ecological Effects

Bis(2-ethylliexyl)phthalate is highly lipid soluble and tends to partition into the lipid

compartments of animals and plants. However, with the exception of a few aquatic

crustacea and midge larvae, most organisms metabolize bis(2-ethylhexyl)phthalate at a

rate sufficient to offset the tendency for bioconcentration (ATSDR, 1988). The Ohio

EPA Wannwater Habitat Water Quality Criteria for bis(2-ethylhexyl)phthalate is set at

0.0084 mg/L; the USEPA benchmark is 0.32 mg/L (EPA, 1996b)
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CHLOROMETHANE (METHYL CHLORIDE)

Chioromethane is a colorless gas at room temperature (ACGIH, 1991). It is used as a

methylating agent in the synthesis of a wide variety of organic compounds, pesticides,

pharmaceuticals and quartemary drugs, and as a blowing agent for some polystyrene

and polyurethane foams.

Data regarding the gastrointestinal (01) absorption of chioromethane where not located

in the available literature. A compilation of data for 19 organic compounds of various

chemical classes and molecular weights indicates that 01 absorption ranges from

approximately 50 percent to virtually complete, with an arithmetic mean of 90 percent

(Jones and Owen, 1989). The value of 90 percent (0.9) appears to be adequately
conservative for low molecular weight compounds and is adopted as the gastrointestinal

absorption factor (GAF) for this evaluation.

The acute toxicity of oral treatment with chloromethane is relatively low, as suggested

by an LD5O of 1.8 g/kg in rats (Lewis, 1992); the signs preceding death were not

reported. Data regarding the effects of subchronic or chronic oral exposure to
chloromethane were not located in the available literature. The data are inadequate for

derivation of a reference dose (RfD) for chronic oral exposure.

A four-hour inhalation LC50 of 5300 mg/m3 was reported in rats, but the signs
preceding death were not reported (Lewis, 1992). A four-hour LC5O in an unreported

species was accompanied by histological evidence of injury to the brain, lungs, kineys

and liver (ACGIH, 1991). Humans (occupational exposure) and laboratory animals

(repeated exposure) exhibit neurological signs when acutely exposed to high levels

(ACGIH, 1991; Lewis, 1992). Neurological damage is observed upon histological
evaluation. If death does not occur quickly, histological damage is observed in the liver

and kidneys. Occupational exposure to routine workplace levels is associated with

occular changes, neurological effects, 01 effects and, occassionally, liver and kidney
effects (ACOIH, 1991). Chronic intermittent exposure of rats and mice in a 2-year

carcinogenicity experiment showed that both species develop liver and kidney
degeneration and mice develop cerebellar degeneration, splenic atrophy and functional

limb muscle impairment (ACGIH, 1991). Bilateral atrophy of the seminiferous tubules
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was observed in the rats. The data were insufficient for derivation of a reference
concentration (RfC) for the noncancer effects of inhalation exposure.

Chioromethane is reported to be an experimental teratogen, producing cardiac

malformations in mice (but not rats) exposed by inhalation during organogenesis

(ACGIH, 1991).

Cancer data are limited to the observation of a statistically significant increase in total

malignant and benign tumors of the kidney in male mice in the intermittent
expysure

inhalation study briefly described above (ACGIH, 1991). EPA (1997) classified
chloromethane in cancer weight-of-evidence Group C (possible human carcinogen) on

the basis of the mouse data, and derived a provisional slope factor (SF) of 6.3E-3 per

mg/kg-day for inhalation exposure. A provisional SF of 1 .3E-2 per mg/kg-day for oral

exposure was derived from the inhalation data, assuming that respiratory tract
absorption is approximately one-half as efficient as GI absorption.
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CHLOROFORM

Human Health Effects

Oral or inhalation exposure of animals to chloroform was associated with liver and

kidney damage (ACGIH, 1991; EPA, 1996). In humans, acute inhalation exposure to

high levels induced narcosis, ventricular fibrillation, and death (ACGIH, 1991).
Limited occupational data associated chronic exposure to chloroform with CNS

depression, digestive disturbances, and enlarged livers. The EPA (1996) presented a
verified chronic oral RfD of 0.01 mg/kg/day based on a LOAEL for fatty cyst
formation in the livers of dogs treated orally for 7.5 years and an uncertainty factor of

1,000. The same value was presented as a provisional subchronic oral RfD (EPA,

1993). Target organs for the toxicity of chloroform include the liver and kidney for

oral and inhalation exposure, and the heart and CNS for inhalation exposure.

Chloroform is classified as a cancer weight-of-evidence Group B2 compound (probable

human carcinogen), based on increased incidence of several tumor types in rats and

liver tumors in mice (EPA, 1996). Human carcinogenicity data are inadequate. An

oral slope factor of 0.0061 per mg/kg/day was derived from the incidence of kidney

tumors in rats treated with chloroform in drinlcing water for two years. An inhalation

unit risk of 2.3 x iO per g/m3 was based on the incidence of hepatocellular
carcinomas in mice treated by gavage for 78 weeks. The inhalation unit risk is
equivalent to 0.081 per mg/kg/day, assuming an inhalation rate of 20 m3/day and a

body weight of 70 kg for humans.

Ecological Effects

Chloroform, also known as trichloromethane, primarily enters the environment as an

industrial solvent. It is also released as a volatile product by plants (Howard, 1990).

Chloroform poorly adsorbs to soil and sediment (NLM, 1996). Near the surface of

soils, chloroform is expected to evaporate (Howard, 1990). The compound may leach
into groundwater. Laboratory studies indicate that biodegradation of chloroform may

also occur (Howard, 1990).

According to IARC (1972), small amounts of chloroform have been detected in
tomatoes and muscat grapes. Information on the phytotoxicity of chloroform is limited.
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Concentrations of chloroform greater than 0.25 percent have been shown to be lethal to

plant cells (Kayser et al., 1982). Toxic effects and abnormal mitosis have been noted in

plant cells exposed to 0.025 percent chloroform (Kayser et al., 1982).

Information on the concentration of chloroform in wild animals is limited. According

to Pearson and McConnell (1975, as cited in NLM, 1996), grey seals collected from

the English coast contained 7.6 to 22 g/kg chloroform in blubber and 0 to 12 g/kg

chloroform in liver. Marine and freshwater birds collected from England contained

0.7 to 65 g/kg chloroform (Pearson and McConnell, 1975, as cited in NLM, 1q96).

Concentrations of chloroform in terrestrial mammals could not be located in the

literature.

Laboratory studies have shown ingested chloroform to be eliminated in expired air and

in urine (IARC, 1979, as cited in NLM, 1996). Liver microsomal enzymes metabolize

chloroform to carbon monoxide (Stevens et al., 1979, as cited in NLM, 1996). The

metabolism of chloroform to phosgene in the kidney can lead to nephrotoxicity

(Branchflower et al., 1984, as cited in NLM, 1996).

Specific data on the toxicity of chloroform to wildlife do not exist. Exposure to

chloroform via inhalation, ingestion, or dermal contact can induce toxic responses in

mammals. Chloroform is a hepatotoxic compound (NLM, 1996). Acute toxicity to

chloroform in experimental animals is species-, strain-, gender-, and age-dependent

(Kayser et al., 1982, as cited in NLM, 1996). Oral LD5O values for rats, mice, and

rabbits exposed to chloroform are 908, 36, and greater than 20 mg/kg, respectively

(RTECS, 1996). The dermal LD5O value for rabbits exposed to chloroform is greater

than 20 g/kg (RTECS, 1996). An inhalation LC3O value of 47.702 g/m3/4 hr has been

determined for rats exposed to chloroform (RTECS, 1996). Adverse impacts on

fertility and fetotoxicity and teratogenicity have been reported in rats exposed
chloroform at 30 ppml7 hr during the sixth to fifteenth day of pregnancy (RTECS,

1996). An estimated NOAEL value for white-footed mice exposed to chloroform was

37.4 mg/kg/d, based on a laboratory rat study where the approximate NOAEL was

15 mg/kg/d (Opresko et al., 1994). Based on this same data, estimated oral NOAELs

for chloroform were predicted to be 10.0 mg/kg/d for the cottontail rabbit and
6.5 mg/kg/d for the red fox (Opresko et al., 1994). Calculated chronic drinking-water
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NOAELs for the white-footed mouse, cottontail rabbit, and red fox were 125, 123, and

76.5 mg/L, respectively (Opresko et al., 1994).

There is little tendency for chloroform to bioconcentrate in fish (Barrows et al., 1980,

as cited in NLM, 1996). A bioconcentration factor of 6, however, has been reported

for bluegill sunfish exposed to chloroform for a 14-day period (EPA, 1980, as cited in

NLM, 1996).

A limited amount of data exist on the toxicity of ëhloroform to freshwater iota.
Federal Water Quality Criteria do not exist for the protection of freshwater aquatic life

from exposure to acetone (EPA, 1996). According to the EPA (EPA, 1996), however,

acute toxicity has been noted in freshwater species at chloroform concentrations as low

as 28,900 xg/L, and chronic toxicity may occur at concentrations as low as 1,240 gg/L.

Suter and Mabrey (1994) has recommended acute and chronic advisory values of

3,360 and 188 jig/L, respectively, for the protection of freshwater biota. Lowest

chronic toxicity values of chloroform to fish and daphnids are estimated as 1,240 and

4,483 pg/L, respectively (Suter and Mabrey, 1994). The test EC20 for fish can be used

as a benchmark indicative of production within a population. It is the highest tested

concentration causing less than a 20 percent reduction in either the weight of young fish

per initial female fish in a life cycle or partial life-cycle test or the weight of young per

egg in an early life-stage test (Suter and Mabrey, 1994). The value for chloroform has

been estimated to be 8,400 jig/L (Suter and Mabrey, 1994).
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COBALT

Human Health Effects

Acute high oral or parenteral doses of cobalt in humans or animals induced myocardial

degeneration often leading to mortality, aplastic amemia, enlarged thyroid, and, in
animals, renal tubular degeneration (Elinder and Friberg, 1986). Chronic ingestion
from the consumption of beer containing high concentrations of cobalt was associated

with "beer-drinkers cardiomyopathy," which includes polycythemia and goiter, as well

as marked myocardial degeneration and mortality. The therapeutic use of 0.16 to0.32

mg cobalt/kg/day in anemic, anephric dialysis patients for 12 to 32 weeks induced a

significant, but reversible, rise in blood hemoglobin concentration (EPA, 1992).

Occupational (inhalation and dermal) exposure was associated with allergic dennatitis,

chronic interstitial pneumonitis, reversibly impaired lung function, occupational
asthma, and myocardial effects (ACGIH, 1991). Cobalt was determined to be the

etiologic factor in hard metal disease, the syndrome of respiratory symptoms, and

pneumoconiosis associated with inhalation exposure to dusts containing tungsten

carbide with cobalt powder as a binder (Elinder and Friberg, 1986). The lowest
occupational air concentration of cobalt associated with hard metal disease was 0.003

mg cobalt/m3 (Sprince et al. 1988). It should be noted that the workers were also

exposed to tungsten and sometimes to titanium, tantalum, and niobium (Elinder and

Friberg, 1986). Similar lung effects were seen in animals exposed to cobalt by

inhalation.

The developmental toxicity of cobalt was tested in rodents treated orally with cobalt

chloride (EPA, 1992). Maternal effects (unspecified) were reported in rats treated with

5.4 to 21.8 mg cobalt/kg/day from gestation day 14 through lactation day 21. Effects

on the offspring included stunted growth at 5.4 mg cobalt/kg/day and reduced survival

at 21.8 mg cobalt/kg/day. In rats treated with 6.2, 12.4, or 24.8 mg cobalt/kg/day on

gestation days 6 through 15, maternal effects included reduced food consumption and

body weight gain and altered hematologic parameters, although it is unclear at what

dose level(s) these effects occurred. There were no effects on fetal survival, although a

nonsignificant increase in fetal stunting was observed in rats treated with 12.4 mg
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cobalt/kg/day. Mice treated with 81.7 mg cobalt/kg/day had reduced maternal weight

gain, but no fetal effects.

Several studies reported testicular degeneration and atrophy in rats treated with cobalt

chloride in the diet or drinking water at concentrations equivalent to doses of 5.7 to

30.2 mg cobalt/kg/day (EPA, 1992).

Cobalt is nutritionally essential as a cofactor in cyanocobalamin (vitamin B 12) (EPA,

1992). Cobalt is universally present in the diet. Average daily adult dietary intakes of

cobalt range from 0.16 to 0.58 mg/day (0.002 to 0.008 mg/kg/day, assuming adults

weight 70 kg) (Tipton et al., 1966). In 9- to 12-year-old children, dietary intakes of
cobalt range from 0.3 to 1.77 mg/day (Murthy et al., 1971; National Research Council,

1989). Assuming an average weight for children in this age range of 28 kg (National
Research Council, 1989), the dietary intakes are equivalent to 0.01 to 0.06 mg/kg/day.

The EPA (1992) concluded that the oral toxicity data were insufficient for derivation of

an oral RfD for cobalt. The relatively well characterized dietary intake data, however,

can provide useful guidance. The EPA (1992) noted that the upper range of dietary

intake for children, 0.06 mg/kg/day, was below the level associated with enhanced

erythropoiesis in anephric patients. Therefore, the upper range of dietary intake, 0.06
mg cobalt/kg/day, can be considered a guidance level for the oral intake of cobalt and

can be used in place of an oral RID in CERCLA and RCRA baseline risk assessments.

The EPA (1990) derived an interim inhalation RfC from the LOAEL of 0.003 mg

cobaltIm3 associated with hard metal disease in occupationally exposed humans (Sprince

et al., 1988). Correcting for intermittent occupational exposure (10 m' of air inhaled

per work day/20 m3 of air inhaled per day x 5 work days per week/7 days per week)

yielded an adjusted LOAEL of 0.001 mg/m3. Application of an uncertainty factor of

1000 resulted in an interim chronic inhalation RfC of 1x10 mg/m3. Assuming humans

inhale 20 m3 of aft/day and weight 70 kg, the RfC is equivalent to 2.9x107 mg/kg/day,

rounded to 3x107 mg/kg/day.
-

Important target organs in orally exposed humans are the heart, erythrocyte, and
thyroid. Target organs for occupational exposure are the skin, lungs, and heart.
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Data regarding the carcinogenicity of cobalt were not located.

Ecological Effects

Although cobalt is essential to some blue-green algae, fungi, and microorganisms, it is

not essential for the growth of higher plants (Kabata-Pendias and Pendias, 1992;

Vanderploeg et al., 1975). Background concentrations of cobalt in immature grasses

and clovers collected in the United States averaged 0.08 mg/kg (dry weight) and

0. 19 mg/kg (dry weight), respectively (Kabata-Pendias and Pendias, 1992). Plants that

grow on serpentine soils or in soils naturally high in cobalt usually contain hjgher

concentrations of the element (Kabata-Pendias and Pendias, 1992). Cobalt accumulator

plants include species from the families Cruciferae, Caryophyllaceae, Violaceae,

Leguminosae, Boraginaceae, Myrtaceae, and Nyssaceae (Kabata-Pendias and Pendias,
1992). Some of these plants are known to contain concentrations of cobalt as high as

4,000 mg/kg (dry weight) without apparent harm to the plant (Brooks, 1977). Several
abiotic factors govern the availability of cobalt to plants. Soil factors include organic

matter and clay content, pH, leachability, and concentration of manganese and iron

oxides (Kabata-Pendias and Pendias, 1992). Uptake of cobalt can occur via the roots or

leaves of a plant.

Concentrations of cobalt in leaf tissue that are excessive or toxic to various plant

species, with the exclusion of very sensitive and highly tolerant species, range from

15 to 50 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992). Concentrations of
cobalt in plant tissue that could result in a 10 percent reduction in crop yield range from

20 to 40 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992). A soil concentration

of 20 mg/kg (dry weight) has been proposed by Will and Suter (1994) as a benchmark

screening value for cobalt phytotoxicity. General symptoms of cobalt toxicity in plants

include interveinal chlorosis in new leaves followed by induced iron chlorosis and white

leaf margins and damaged root tips (Kabata-Pendias and Pendias, 1992).

Cobalt is a component of vitamin B12 and therefore, is an essential micronutrient for

animal growth. Ruminants require a minimum of between 0.08 to 0.1 mg/kg (dry

weight) in their diet to prevent cobalt deficiency (Kabata-Pendias and Pendias, 1992).

Background concentrations of cobalt in mammals and birds are usually less than

0.75 mg/kg (wet weight) and less than 0.3 mg/kg (wet weight), respectively (Jenkins,
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1980). According to Talinage and Walton (1991), cobalt concentrations in the livers

and kidneys of various species of small mammals were generally less than 5 mg/kg (dry

weight). Highest concentrations of cobalt in the body occur in kidney and liver tissues

(Gregus and Klaassen, 1986). Urine is the predominant route of excretion for cobalt

(Gregus and Klaassen, 1986).

Cobalt toxicity may occur following exposure via ingestion or inhalation. Skin and eye

lesions have also been associated with exposure to cobalt (Hammond and Beliles,

1980). Juvenile rats were found to tolerate an acute dose of 1,250 mg of cobalt) in a

single dietary dose, whereas a daily dose of 30 mg of cobalt metal over a period of one

month was found to be fatal (Venugopal and Luckey, 1978). Changes in thyroid
function were noted in rats exposed to aerosols of cobalt metal at 0.5 mg/rn3 (Popov

et al., 1977, as cited in NLM, 1996). No adverse effects were found in chickens and

sheep given dosages of cobalt under 50 mg/kg diet or under 2 mgI kg of body weight

(NRC, 1977, as cited in NLM, 1996).

Cobalt concentrations in tadpoles (Rana catesbeiana and Rana clamitans) collected

from uncontaminated sites were reported to contain less than 2 mg/kg cobalt (dry

weight) (Hall and Mulhern, 1984). A mixed group of adult frogs and toads collected

from the same site averaged 2.1 mg/kg cobalt (dry weight) (Hall and Mulhern, 1984).

Background concentrations of cobalt in the muscle of freshwater fish are generally less

than 0.1 mg/kg (wet weight) (Vanderploeg et al., 1975). Increased dissolved organic
matter concentrations in eutrophic waters are believed to keep cobalt in solution
(Vanderploeg et al., 1975). Soluble cobalt in eutrophic lakes is generally less available

than soluble cobalt in oligotrophic or mesotrophic lakes (Vanderploeg et al., 1975).

This is supported by the fact that lower bioconcentration factors have been reported for

fish in eutrophic environments (Vanderploeg et al., 1975). Cobalt bioconcentration

factors for whole fish average 43.8 in eutrophic waters and 439 in mesotrophic waters

(based on filtered water samples, Vanderploeg et al., 1975). Cobalt bioconcentration

factors for submerged and floating vascular aquatic plants in eutrophic water have been

reported as 2,000 and 400, respectively (Vanderploeg et al., 1975). Vanderploeg et al.
(1975) recommend the use of 400 and 10,000 as bioconcentration factors for cobalt in

eutrophic and in either mesotrophic or oligotrophic waters, respectively. Copepods
have been reported to have a bioconcentration of 700 for cobalt (Vanderploeg et al.,
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1975). Cobalt bioaccumulation factors tend to decrease with increasing trophic level

(Vanderploeg eta!., 1975).

The USEPA benchmark for cobalt is 0.003 mg/L (EPA, 1996). No Ohio EPA
Wannwater Habitat Water Quality Criteria exists for cobalt. Suter and Mabrey (1994),

however, have estimated acute and chronic advisory levels for cobalt to be 195 and

3.06 j.tg/L, respectively. The lowest chronic values of cobalt reported in the literature

for fish and Daphnia are 290 and 5.1 jig/L, respectively (Suter and Mabrey, 1994).

The test EC2O for fish can be used as a benchmark indicative of production wiin a

population. It is the highest tested concentration of cobalt causing less than 20 percent

reduction in either the weight of young fish per initial female fish in a life cycle or

partial life-cycle test or the weight of young per egg in an early life-stage test (Suter
and Mabrey, 1994). The value for cobalt is 810 p.g/L (Suter and Mabrey, 1994). A

similar value can be determined for daphnids, which reflects the highest tested
concentration of cobalt causing less than 20 percent reduction in the product of growth,

fecundity, and survivorship in a chronic test with a daphnid species. The EC20

benchmark for daphnids is less than 4.4 tg/L (Suter and Mabrey, 1994).
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COPPER

Human Health Effects

Copper is a nutritionally essential element that functions as a cofactor in several enzyme

systems (Aaseth and Norseth, 1986). Acute exposure to large oral doses of copper salts

was associated with GI disturbances, hemolysis, and liver and kidney lesions. Chronic

oral toxicity in humans has not been reported. Chronic oral exposure of animals was

associated with an iron-deficiency type of anemia, hemolysis, and lesions in the liver

and kidneys. Occupational exposure may induce metal fume fever, and, in casçs of

chronic exposure to high levels, hemolysis and anemia (ACGIH, 1991). Neither oral

nor inhalation RID or RfC values were located for copper. The target organs for

copper are the erythrocyte, liver, and kidney, and, for inhalation exposure, the lung.

Copper is classified in cancer weight-of-evidence Group D (not classifiable as to

carcinogenicity to humans) (EPA, 1995). Quantitative risk estimates are not derived

for Group D chemicals.

Ecological Effects

Copper is an essential nutrient for the growth of plants. Background concentrations of

copper in grasses and clovers collected in the United States averaged 9.6 mg/kg (dry

weight) and 16.2 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992). Some plants
are able to accumulate and tolerate elevated levels of copper within theft tissues. The

shoots and roots of the coffee plant (Coffea arabica) may reach 4,186 mg/kg (dry

weight) (Lepp and Dickinson, 1987, as cited in Kabata-Pendias and Pendias, 1992).

Copper is one of the least mobile heavy metals in soil, and its availability to plants is

highly dependent on the molecular weight of soluble copper complexes (Kabata-Pendias
and Pendias, 1992). Copper-containing fungicides and bactericides are used in the

control of some crop pests.

According to Rhodes et al. (1989), copper concentrations in plant tissues do not serve

as conclusive evidence of copper toxicity in species of plants such as tomatoes, because

some species are able to tolerate higher concentrations of copper than others. The pH

of the soil may also influence the availability and toxicity of copper in soils to plants

(Rhodes et al., 1989). In a study with tomato plants, Rhodes et al. (1989) found a
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reduction in plant growth when plants were grown in soils containing greater than
150 mg/kg of copper at a pH of less than 6.5. At pH values of greater than 6.5, soil

copper concentrations of greater than 330 mg/kg were required to reduce plant growth.

Concentrations of copper in leaf tissue that are excessive or toxic to various plant

species, with the exclusion of very sensitive and highly tolerant species, range from 20

to 100 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992). Concentrations of
copper in plant tissues that are expected to result in a 10 percent loss in crop yield

range from 10 to 30 mg/kg (dry weight) (Macnicol and Beckett, 1985). A soil
concentration of 100 mg/kg (dry weight) has been proposed by Will and Suter (199)4) as
a benchmark screening value for copper phytotoxicity in soils. General symptoms of

copper toxicity in plants include the presence of dark green leaves followed by induced

iron chiorosis; thick, short, or barbed-wire roots; and depressed tillering (Kabata-
Pendias and Pendias, 1992).

Copper is an essential element for hemoglobin synthesis and oxidative enzymes in
animals. Copper concentrations in small mammals collected from various
uncontaminated sites ranged from 8.3 to 13.4 mg/kg (whole-body concentrations)

(Talmage and Walton, 1991). Concentrations of copper in liver and kidney tissue of

voles (Microtus agrestis) collected from uncontaminated grasslands were found to

average 16 mg/kg (dry weight) and 21 mg/kg (dry weight), respectively (Beardsley
et al., 1978). Highest concentrations of copper tend to be in hair, followed in

decreasing concentration by liver, kidney, and whole body (Hunter and Johnson, 1982).

Animals that reside near mining and refinery operations and sewage-treated areas

usually contain elevated concentrations of copper. Among the small mammals
collected, Hunter and Johnson (1982) found shrews (Sorex araneus) to contain the

highest concentrations of copper. Mice were found to contain the lowest copper
concentrations. Copper concentrations in the muscle tissue of migratory blue-winged

teal (Anas discors) were found to average 6.57 mg/kg (dry weight) in autumn and

4.96 mg/kg (dry weight) in spring (Warren et al., 1990).

Based on toxicity data specific to the mink, extrapolated NOAELs for chronic exposure

of various mammalian wildlife species to copper sulfate are 41.3 mg/kg/d for the white-

footed mouse, 11.0 mg/kg/d for the cottontail rabbit, and 7.13 mg/kg/d for the red fox

(Opresko et al., 1994). Examples of calculated chronic drinking-water NOAELs for
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mammalian wildlife are 138 mg/L for the white-footed mouse, 114 mg/L for the

cottontail rabbit, and 84.4 mg/L for the red fox (Opresko et al., 1994). Symptoms of

acute copper poisoning in mammals include vomiting, hypotension, melena, coma,
jaundice, and death (Hammond and Beliles, 1980). Selenium can act as an antidote for

copper poisoning (Hammond and Beliles, 1980).

Based on toxicity test data specific to the chicken, extrapolated NOAELs for chronic

exposure of avian species to copper oxide are 20.2 mg/kg/d for the great blue heron

and 25.9 mg/kg/d for the red-tailed hawk (Opresko et al., 1994). The calc5lated

drinking-water NOAEL for these birds consuming copper oxide exclusively through

drinking water is 457 mg/L (Opresko et al., 1994).

Concentrations of copper in freshwater fish collected from 112 monitoring stations in

the United States from 1978 to 1981 ranged from 0.25 to 38.75 mg/kg (wet weight),

with an average of 0.68 mg/kg (wet weight) during 1980 to 1981 (Lowe et al., 1985).

Because shellfish contain copper proteins in their blood that act as oxygen carriers,

molluscs often contain higher concentrations of copper than other aquatic species

(Hammond and Beliles, 1980). Copper concentrations in Sphagnum moss collected
from northern Canadian freshwaters ranged from 13 to 15 mg/kg (Glooschenko and

Capobiano, 1978, as cited in Leland et al., 1979). Adult toads of certain species can

accumulate high concentrations of copper in their livers without apparent adverse

effects (Hall and Mulliern, 1984). This is believed to be related to the ability of liver

lysosomes, present within these toads, to sequester copper, thereby preventing the
copper from damaging liver cells (Goldfischer et al., 1970). The bioconcentration

factor for freshwater aquatic invertebrates exposed to copper is 1,000 (Bodek et al.,

1988).

Fish appear relatively sensitive to copper. This is attributed to the absorption of copper

across the gills (Hammond and Beliles, 1980). Laboratory studies have shown an

increase in the bioavailability and toxicity of copper at low pH (Stokes et al., 1985;

Schubauer-Berigan et al., 1993; Cusimano et al., 1986). Federal Water Quality

Criteria for the Protection of Aquatic Life from acute and chronic exposure to copper in

freshwater systems are 18 and 12 pg/L, respectively (EPA, 1996a). These criteria are

based on a water hardness of 100 mg/L. Because the toxicity of copper to aquatic
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organisms is affected by water hardness, all water quality criteria must be adjusted with

site-specific water hardness data. The USEPA ecotox threshold benchmark for copper

is 0.011 mg/L (EPA, 1 996b). The Ohio Warmwater Habitat Water Quality Criteria for

copper is set at 0.0062 mg/L. The lowest chronic values of copper reported in the

literature for fish and Daphnia are 3.8 and 0.23 j.tg/L, respectively (Suter and Mabrey,

1994). The test ECw for fish can be used as a benchmark indicative of production

within a population. It is the highest tested concentration causing less than 20 percent

reduction in either the weight of young fish per initial female fish in a life cycle or

partial life-cycle test or the weight of young per egg in an early life-stage test (uter
and Mabrey, 1994). The value for copper is 5 pg/L (Suter and Mabrey, 1994). A
similar value can be determined for daphnids, which reflects the highest tested
concentration causing less than 20 percent reduction in the product of growth,
fecundity, and survivorship in a chronic test with a daphnid species. The EC20

benchmark for daphnids is 0.205 .tg/L (Suter and Mabrey, 1994).
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1,2-DICHLOROETHANE

Human Health Effects

Oral or inhalation exposure to humans or laboratory animals to 1 ,2-dichloroethane

induced liver and kidney effects (ACGIH, 1991). Inhalation exposures also induced

pulmonary congestion or edema, and, in humans, CNS depression. Neither oral nor

inhalation RD or RfC values were located. The target organs for 1 ,2-dichloroethane

toxicity are the liver, kidney, lung, and CNS.

.1

EPA classifies I ,2-dichloroethane as a cancer weight-of-evidence Group B2 compound

(probable human carcinogen), based on the induction of several tumor types in rats and

mice treated by gavage, and on the induction of benign lung papillomas in mice after

dermal application (EPA, 1996). The EPA (1995) presented a slope factor for oral

exposure of O.091(mg/kg/day)', and a unit risk for inhalation exposure of 2.6x10

(pg/m3', based on the incidence of vascular system hemangiosarcomas in male rats in

the gavage study. The inhalation unit risk is equivalent to 0.091 (mg/kg/day',
assuming humans inhale 20 m3 of air/day and weigh 70 kg.

Ecological Effects

When released into the environment, 1 ,2-dichloroethane is rapidly volatilized (ATSDR,

1997). Based on a biconcentration factor of 2 (Banerjee and Baughman, 1991, as cited

in ATSDR, 1997) it is not expected to biconcentrate in fish or aquatic organism or

bioaccumulate in the food chain (Farrington, 1991 as cited in ATSDR, 1997).
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1,2-DICHLOROETHYLENE

Human Health Effects

1,2-Dichioroethylene (1,2-DCE) exists as one of two isomers: cis-i,2-dichloroethylene

and trans-i ,2-dichloroethylene (according to the spatial orientation of the chlorine

substitutes on the carbon chain). It is used directly in the synthesis of other chlorinated

solvents, as a low temperature extraction solvent, as a solvent for organic synthesis and

as a solvent for specialty applications. The limited toxicity data for i,2-DCE has been

reviewed by ATSDR (1989), NLM (1996), Torkelson and Rowe (1981) and JEPA

(1984a, 1984b and 1991).

Limited pharmacokinetic data indicate that 1 ,2-DCE is absorbed readily from the

respiratory tract. Because it is a neutral, low molecular weight, lipophilic substance, it

is expected to be readily absorbed by oral and dermal routes of exposure. 1,2-DCE is

metabolized by hepatic cytochrome P-450. Data could not be located regarding the

excretion of i,2-DCE following oral, inhalation or dermal exposure.

Limited information is available regarding the toxicity of 1 ,2-DCE. The majority of

available studies were done on the trans-isomer or on mixtures of the cis- and trans-

isomers. Biochemical studies in rats with sublethal oral does suggest that the cis- and

trans-isomer shows some evidence of hepatotoxicity and nephrotoxicity. Studies on the

mixed isomers indicate effects in the central nervous system, liver and kidney. Because

of the lack of data regarding carcinogenicity in humans and animals, 1,2-DCE is not

classifiable as to carcinogenicity.

Ecological Effects

The dominant fate of I ,2-DCE in surface water is expected to be rapid volatilization to

the atmosphere. The half-life for the volatilization for a model river is approximately 3

hours. Microbial degradation of i,2-DCE under aerobic conditions can occur, but at a

slow rate. The EPA has estimated a ground water half-life of 8 weeks to 95 months. It

is not expected to significantly bioconcentrate in fish and aquatic organisms, nor is it

expected to absorb to sediment and suspended organic matter. Limited data are

available on the fate of cis-i,2-DCE in soil. It is expected to display high mobility in

soil and leach into ground water. The EPA has estimated a soil half-life of 4 weeks to
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6 months. Experimental results indicate that microbial degradation of cis-1 ,2-DCE in

soil may occur with certain organisms if secondary nutritional sources are available. In

soil and groundwater, cis-1,2-DCE gives the products chloroethane and vinyl chloride

and trans-1,2-DCE gives vinyl chloride, exclusively.

1,2-DCE had LC5O values of 218 mg/L in water fleas, Daphnia magna, exposed for 48

hours and 135 mg/L in bluegill sunfish, Lepomis macrochirus, exposed for 96 hours.

)
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ETHYLBENZENE

Human Health Effects

Ethylbenzene is used as a solvent and as a chemical intermediate in the production of

styrene and other compounds. It is found in gasoline and similar petroleum distillates.

Ethylbenzene is soluble in most organic solvents and only slightly soluble in water.

The limited data on ethylbenzene are reviewed in Sandmeyer (1981), EPA (1985), and

NLM (1996).

.1

In the atmosphere, ethylbenzene degrades rapidly. The half-life for this process ranges
from a few hours to 2 days. The major mechanisms of loss from ambient water are

volatilization and biodegradation; half-lives range from several hours to approximately

two weeks. Ethylbenzene has a moderate tendency to be absorbed by soil. Fate
processes in soil include evaporation, leaching to groundwater and biodegradation in

the presence of acclimated microbes. The half-life of ethylbenzene is soil has been

estimated to be in the range of 3 to 10 days based on the unacelimated aqueous aerobic

half-life of ethylbenzene. The EPA has estimated the half-life of ethylbenzene in

ground water to be in a range or 6 to 228 days.

Ethylbenzene is well absorbed from the lung and gastrointestinal tract, but poorly

absorbed through the skin. It is distributed throughout the body but, due to its

lipophilic nature, will accumulate primarily in adipose tissue. Small amounts are

exhaled unchanged, but most is metabolized in the liver, primarily by oxidation of the

side-chain, and excreted in the urine. Metabolic pathways vary considerably among

species; in humans, mandelic acid (2-phenyl-2-hydroxyacetic acid), and

phenylglyoxylic acid (2-phenyl-2-ketoacetic acid) are the major urinary metabolites.

Acute effects from oral and inhalation exposures target the central nervous system and

lungs. Following inhalation pulmonary irritation and nervous system depression
leading to a dose-related anesthetic effect is experienced. Repeated doses have been

reported to cause a number of lung, nervous system, bone marrow, and hepatic lesions

in workers. The most common complain was inflammation of the respiratory tTact. In

addition, renal effects are observed in chronically exposed animals. Limited

reproductive studies describe testicular degeneration in rabbits and monkeys.
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Ethylbenzene has been shown to be embryotoxic and teratogenic. Observed effects

include retarded skeletal development, reduced weight gain, and increased incidence of

extra ribs and sacral displacement with abnormal development. The EPA classifies

ethylbenzene in Group D, not classified as to carcinogenicity due to a lack of data.

Ecological Effects

Ethylbenzene is a product of biomass combustion and a component of crude oil

(Graedel, 1986, and Nunes and Benville, 1979, as cited in NLM, 1996). It is also used

in the manufacture of styrene and is used as a solvent (EPA, 1980, as cited in

1996). When released onto soil, part of the ethylbenzene will evaporate, and some may

adsorb to soil (NLM, 1996). Biodegradation is not considered a significant removal

process (NLM, 1996). Both evaporation and biodegradation are involved in the

removal of ethylbenzene from aquatic enviromnents (NLM, 1996). Ethylbenzene can

adsorb to sediment (NLM, 1996).

Ethylbenzene has been detected in roasted filbert nuts (EPA, 1980, as cited in NLM,

1996) and dried legumes (Lovegren et al., 1979). Concentrations in legumes ranged
from not detected to 11 g/kg in beans and averaged 13 g/kg in split peas and 5 g/kg

in lentils (Lovegren et al., 1979, as cited in NLM, 1996). Information on the

phytotoxicity of ethylbenzene could not be found.

Absorption of ethylbenzene is primarily by inhalation (Patty, 1963, as cited in NLM,
1996). Most of the inhaled compound is excreted in urine as metabolites (Patty, 1963,

as cited in NLM, 1996). Absorption through the skin is slow (Clayton and Clayton,

1982, as cited in NLM, 1996). Ethylbenzene can be transported across the placenta

(Clayton and Clayton, 1982, as cited in NLM, 1996). Concentrations of ethylbenzene

in wild birds and mammals could not be located in the literature.

Specific data on the toxicity of ethylbenzene to wildlife do not exist. Exposure to high

concentrations of ethylbenzene via ingestion, inhalation, or dermal absorption can cause

depression of the central nervous system in animals (Friberg et al., 1986, as cited in

NLM, 1996). Concentrations of ethylbenzene greater than 2 mg/L have been reported

to be acutely toxic in laboratory animals (ILO, 1983, as cited in NLM, 1996). The oral

LDso value for rats exposed to ethylbenzene is 3.5 g/kg (RTECS, 1996). The dermal
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LD5o value for mice exposed to ethylbenzene is 17.8 g/kg (RTECS, 1996). Lowest

published lethal inhalation doses or concentrations of ethylbenzene in rats, mice, and

guinea pigs are 4,000 ppm/4 hrs; 50 g/m3/2 hrs; and 10,000 ppm, respectively
(RTECS, 1996). No adverse effects were reported in guinea pigs, rabbits, or monkeys
exposed to ethylbenzene at 400 to 2,200 ppm, 7 to 8 hours per day, 5 days/week, for

up to 6 months (Patty, 1963, as cited in NLM, 1996). Adverse impacts on fertility

have been reported in female rats exposed to 97 ppm ethylbenzene for 7 hours for 15

days prior to mating (RTECS, 1996). An inhalation dose of 600 mg/m3 over a 24-hour

period during the seventh to fifteenth day of pregnancy was also shown to advejsely

affect fertility in female rats (RTECS, 1996). Ethylbenzene has also been shown to be

phytotoxic and teratogenic (RTECS, 1996).

Limited data exist on the concentration of ethylbenzene in aquatic biota.
Bioconcentration of ethylbenzene by fish is expected to be insignificant (NLM, 1996).

Experimentally determined bioconcentration factors for ethylbenzene in goldfish and

clams are 79 and 4.68, respectively (Ogata et al., 1984, and Nunes and Benville, 1979,

as cited in NLM, 1996). Oysters collected from Lake Pontchartrain, Louisiana,

contained an average ethylbenzene concentration of 8 g/kg (Ferrario et al., 1985).
Clams from the same site did not contain measurable amounts of ethylbenzene (Ferrario

etal., 1985).

Data on the toxicity of ethylbenzene to freshwater biota are limited. Federal Water

Quality Criteria do not exist for the protection of freshwater aquatic life from exposure

to ethylbenzene (EPA, 1996). A value of 32,000 j.xg/L is, however, listed by EPA
(1996) as the lowest effect level in freshwater environments. Suter and Mabrey (1994),

however, recommend acute and chronic advisory values of 6,970 and 389 g/L,
respectively, for the protection of freshwater biota. Laboratory-determined 96-hour

LC50 values for bluegill sunfish (Lepomis macrchirus), fathead minnows (Pimephales

promelas), and sheepshead minnows (Cyprinodon variegatus) are 32 mg/L (Pickering
and Henderson, 1966, as cited in NLM, 1996), 12. 1 to 48.5 mg/L (Pickering and

Henderson, 1966, and Greiger et al., 1986, as cited in NLM, 1996), and 275 mg/L
(EPA, 1978, as cited in NLM, 1996). Lowest chronic toxicity values of ethylbenzene

to fish and daphnids are greater than 440 and 12,922 .tg/L (estimated), respectively

(Suter and Mabrey, 1994).
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IRON

Human Health Effects

Iron is a necessary component of many proteins, including hemoglobin, myoglobin, and
enzymes such as the catalases, the cytochromes and peroxidases (Spivey Fox and

Rader, 1988). Its biological role derives from its ability to undergo reversible
oxidation-reduction reactions. About 67% of the 3-5 g of iron in the body is bound to

hemoglobin, p10% is bound to myoglobin and various enzymes and the remainder is

bound to ferritin and hemosiderin, which are storage proteins for iron (Goyer, 1993).

Iron is an essential trace element (NRC, 1989). The current RDAs are: 6 mg/day for

infants 0-0.5 years of age, 10 mg/day for infants 0.5-1 years, for children 1-10 years,

for adult males 19-50 years, and for adults of either sex greater than 51 years, 12

mg/day for males 11-18 years, 15 mg/day for females 11-50 years, and 30 mg/day for

pregnant women (NRC, 1989). The primary physiological concern regarding iron is
iron deficiency anemia, which may result from inadequate intake or excessive blood

loss (Finch, 1980). Average daily intakes for eight age-sex groups in the U.S. for
1982-1989, based on a survey of core foods in the U.S. food supply, ranged from 8.9-

15.1 mg/day (71-162% of the RDA), but the distributions about the averages were not

reported (Pennington and Young, 1991).

Iron homeostasis of the body is controlled by regulating the active transport
mechanisms involved in GI absorption (Goyer, 1991; Knoebel, 1971; Spivey Fox and

Rader, 1988). Generally, w2-15% of dietary iron is absorbed. 01 absorption of iron

increases when body stores, i.e., when intestinal mucosal stores of ferritin iron, are

low, and decreases when body stores are ample. In cases of iron-deficiency anemia, as

much as 40% of the iron in nutritional supplements may be absorbed (Finch, 1980).

Other factors that influence GI uptake of iron are age, the chemical form of iron in the

diet (the ferrous form is more readily absorbed), and other dietary factors. High
dietary levels of phosphate, cobalt, copper or zinc depress GI uptake. Ascorbic acid

and other organic acids increase GI absorption of iron.

When luxury amounts of iron are available, hepatic ferritin formation is increased

(Goyer, 1991). In the case of frank iron overload, ferritin is converted to hemosiderin,
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which is a more stable and less available storage fonn. Both ferritin and hemosiderin

protect the cells from the toxicity of excess iron by maintaining the iron in a bound
form.

Both acute and chronic toxicity syndromes occur from the ingestion of excess iron

(Goyer, 1991). The acute form usually involves the accidental ingestion of iron-

containing medicines, often candy-coated tablets, by children 1-5 years old. Ingestion
of greater than 500 mg of iron (2,500 mg ferrous sulfate) leads to vomiting, sever

ulceration of the GI tract, metabolic acidosis and shock, liver damage, and ljlood

coagulation defects (Finch, 1980). Sequelae may include renal failure and liver
cirrhosis. Doses of 1,000-2,000mg may cause death.

Chronic iron toxicosis, known as hemochromatosis, may result from a congenital defect

that increases iron absorption from the gut (Goyer, 1991). High dietary concentrations,

or excess ingestion of tonics or medicines containing iron, may contribute to iron
overload, but the dose required to induce disease was not reported. The disease is

characterized by hemosiderin deposits in soft tissues, which may interfere with liver

function, induce diabetes mellitus or other endocrinologic dysfunction, or damage the

heart. At the cellular level, lipid peroxidation is increased, which results in damage to

the membranes of intracellular organelles. The usual oral dose of iron to treat iron

deficiency or blood-loss anemia, 200 mg, was associated with a low level of
disturbances of the GI tract, including nausea, upper abdominal pain, and constipation

or diarrhea, but was not associated with iron overload (Finch, 1980).

There are no verified or provisional toxicity values or primary (health-based) drinking

water quality criteria for iron (EPA, 1996a). WHO (1984) recommended a drinking

water quality guideline of 0.3 mg/L to prevent precipitation of ferric hydroxide, which

settles out as a rust-colored silt.

It would be inappropriate to develop a health-based toxicity value from the usual 200

mg/day oral dose of iron used to treat iron-deficiency anemia, because the patients for

whom this dose is intended represent a subpopulation with altered health state and iron

homeostasis. Although excessive iron intake can induce hemochromatosis, the intake

required to induce disease was not quantified (Goyer, 1991). Underwood (1977),
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however, reported that daily doses of 25-75 mg, or even much greater, have been

consumed without harmful effects.

A chronic oral RID may be derived for iron from the dose of 75 mg/day, the high end

of the range of daily intake consumed without adverse effect (Underwood, 1977),

which is a NOAEL for normal humans. An uncertainty factor of 1, applied to the

NOAEL of 75 mg/day, yields an RID of 75 mg/day, or I mg/kg-day. The uncertainty

factor of 1 is appropriate for a NOAEL in normal humans. Presumably, the most

sensitive subpopulation consists of individuals with congenital hemochromatosis No

uncertainty factor is applied to protect these individuals, however, because they
represent a group with altered physiological state who would suffer disease from daily

intakes in the range of normal dietary amounts. Application of an uncertainty factor of

10 to provide protection for sensitive individuals would result in an RD below the

current RDA.

Ecological Effects

Iron is a metal in Group VIII of the periodic table (Budavari, 1989; Sax and Lewis,

1987). It is the second most abundant metal, comprising about 5% of the earth's crust.

Chemically, iron is a strong reducing agent. Because of its reactivity, it occurs
primarily as oxides in ores. In water, it generally occurs in the divalent or trivalent

state (WHO, 1984). Fully aerated water generally contained <0.5 mg iron/L (van der

Leeden et al., 1991). Ground water with a pH <8.0 may contain 10 mg/L, or rarely

as much as 50 mg/L. Acid water from thermal springs, mine wastes or industrial

wastes may contain >6,000 mg/L. Concentrations in finished public water supplies in

the 100 largest cities in the U.S. ranged from 0.002-1.7 mg/L, with a median of 0.043

mg/L. The use of iron or steel distribution pipes, and the use of iron salts in the
production of potable water may contribute to iron in drinking water (WHO, 1984).

The USEPA benchmark and the Ohio EPA Warmwater Habitat Water Quality Criteria

for iron is 1.0 mg/L (EPA, l996b).

B-72



710 275

REFERENCES

Budavari, S., ed., 1989, The Merck Index, An Encyclopedia of Chemicals, Drugs, and
Biologicals., Eleventh Edition, Merck and Co., Inc., Rahway, NJ.

Finch, C.A., 1980, Drugs Effective in Iron-Deficiency Anemia and Other
Hypochrornic Anemias. Im Oilman, A.G., L.S. Goodman and A. Gilinan, Eds.
Goodman and Gilman' s The Pharmacological Basis of Therapeutics. Sixth Edition.
New York: Macmillan Publishing Co. pp. 1315-1330.

Goyer, R. A., 1991, Toxic Effects of Metals, Casarett and Doull's Toxicology the
Basic Science of Poisons, M. 0. Amdur, J. Doull, and C. D. Klaassen, eds., 4th ed.,
Pergamon Press, New York.

Knoebel, L.K, 1971, Secretion and Action of Digestive Juices: Absorption. In:
Selkurt, E.E., Ed. Physiology. Third Edition. Boston: Little, Brown and Co. pp.
599-634.

National Research Council (NRC), 1989, Recommended Dietary Allowances, 10th
Edition. Washington, DC: National Academy Press.

Pennington, J.A.T. and B.E. Young, 1991, Total diet study nutritional elements, 1982-
1989. J. Am. Dietetic Assoc. 91: 179-183NN.

Sax, N. I., and R. J. Lewis, Sr., eds., 1987, Hawley's Condensed Chemical
Dictionary, 11th ed., Van Nostrand Reinhold Co., New York.

Spivey Fox, M.R. and J.I Rader, 1988, Iron. In: Seiler, H.G. and H. Sigel, Eds.
Handbook on Toxicity of Inorganic Compounds. New York: Marcel Dekker, Inc. pp.
345-354.

Underwood, E.J, 1977, Trace Elements in Human and Animal Nutrition. Fourth
Edition. New York: Academic Press.

U. S. Environmental Protection Agency (EPA), 1996a, Integrated Risk Information
System (IRIS). Office of Health and Environmental Assessment, Washington, DC.

U.S. Environmental Protection Agency (EPA), 1 996b, Ecotox Thresholds, EPA 540/F-
95/038.

B-73



710 276

van der Leeden, F., F.L. Troise and D.K. Todd., Eds., 1991, The Water
Encyclopedia. Second Edition. Chelsea, MI: Lewis Publishers, Inc. pp. 422, 445.

World Health Organization (WHO), 1984, Guidelines for Drinking Water Quality.
Volume 2. Health Criteria and Other Supporting Information. WHO, Geneva.

.1

B-74



710 277

LEAD

Human Health Effects

Studies in humans indicate that an average of 10 percent of ingested lead is absorbed,

but estimates as high as 40 percent were obtained in some individuals (Tsuchiya, 1986).

Nutritional factors have a profound effect on GI absorption efficiency. Children absorb

ingested lead more efficiently than adults; absorption efficiencies up to 53 percent were

recorded for children three months to eight years of age. Similar results were obtained

for laboratory animals; absorption efficiencies of 5 to 10 percent were obtainel for

adults and 50 percent wee obtained for young anImals. The deposition rate of inhaled

lead averages approximately 30 to 50 percent, depending on particle size, with as much

as 60 percent deposition of very small particles (0.03 tm) near highways. All lead
deposited in the lungs is eventually absorbed.

Approximately 95 percent of the lead in the blood is located in the erythrocytes (EPA,

1990). Lead in the plasma exchanges with several body compartments, including the

internal organs, bone, and several excretory pathways. In humans, lead concentrations

in bone increase with age (Tsuchiya, 1986). About 90 percent of the body burden of

lead is located in the skeleton. Neonatal blood concentrations are about 85 percent of

maternal concentrations (EPA, 1990). Excretion of absorbed lead is principally

through the urine, although 01 secretion, biliary excretion, and loss through hair, nails,
and sweat are also significant.

The noncancer toxicity of lead to humans has been well characterized through decades

of medical observation and scientific research (EPA, 1996a). The principal effects of

acute oral exposure are colic with diffuse paroxysmal abdominal pain (probably due to

vagal irritation), anemia, and, in severe cases, acute encephalopathy, particularly in

children (Tsuchiya, 1986). The primary effects of long-term exposures are
neurological and hematological. Limited occupational data indicate that long-term

exposure to lead may induce kidney damage. The principal target organs of lead
toxicity are the erythrocyte and the nervous system. Some of the effects on the blood,

particularly changes in levels of certain blood enzymes, and subtle neurobehavioral

changes in children, appear to occur at levels so low as to be considered nonthreshold

effects.

B-75



710 278
EPA (1996a) presents no inhalation RfC for lead, but referred to the National Ambient

Air Quality Standard (NAAQS) for lead, which could be used in lieu of an inhalation

RfC. The NAAQS5 are based solely on human health considerations and are designed

to protect the most sensitive subgroup of the human population. The NAAQS for lead

is 1.5 ig/m3, averaged quarterly (EPA, 1996a). The NAAQS is equivalent to 0.00043
mg/kg/day, assuming a body weight of 70 kg and an inhalation rate of 20 m3/day.

The EPA (1990) determined that it is inappropriate to derive an RfD for oral exposure

to lead for several reasons. First, the use of an RfD assumes that a threshol for
toxicity exists, below which adverse effects are not expected to occur; however, the

most sensitive effects of lead exposure, impaired neurobehavioral development in

children and altered blood enzyme levels associated wit anemia, may occur at blood

lead concentrations so low as to be considered practically nonthreshold in nature.

Second, RID values are specific for the route of exposure for which they are derived.

Lead, however, is ubiquitous, so that exposure occurs from virtually all media and by

all pathways simultaneously, making it practically impossible to quanti' the
contribution to blood lead from any one route of exposure. Finally, the dose-response

relationships common to many toxicants, and upon which derivation of an RfD is

based, do not hold true for lead. This is because the fate of lead within the body

depends, in part, on the amount and rate of previous exposures, the age of the
recipient, and the rate of exposure. There is, however, a reasonably good correlation

between blood lead concentration and effect. Therefore, blood lead concentration is the

appropriate parameter on which to base the regulation of lead.

The EPA's Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead in
Children, version 0.99d, is an iterative set of equations that estimate blood lead
concentrations in children aged 0 to 7 years (EPA, 1 994a). The biokinetic part of the

model describes the movement of lead between the plasma and several body
compartments and estimates the resultant blood concentration. The rate of the
movement of lead between the plasma and each compartment is a function of the

transition or residence time (i.e., the mean time for lead to leave the plasma and enter a

given compartment, or the mean residence time for lead in that compartment).
Compartments modeled include the erythrocytes, liver, kidneys, all the other soft tissue

of the body, cortical bone, and trabecular bone. Excretory pathways and their rats are
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also modeled. These include the mean time for excretion from the plasma to the urine,

from the liver to the bile, and from the other soft tissues to the hair, skin, sweat, etc.

The model permits the user to adjust the transition and residence times. EPA guidance

(EPA, 1994b) establishes a screening level of 400 ppm for lead in soil at Superfund

sites. This concentration is considered by EPA to be protective for direct contact with

lead-contaminated soil in a residential setting.

EPA (1996a) classifies lead in cancer weight-of-evidence Group B2 (probable human

carcinogen), based on inadequate evidence of cancer in humans and sufficient aMmals

evidence. The human data consist of several epidemiological occupational studies that

yielded confusing results. All of the studies lacked quantitative exposure data and

failed to control for smoking and concomitant exposure to other possibly carcinogenic

metals. Rat and mouse bioassays showed statistically significant increases in renal

tumors following dietary and subcutaneous exposure to several soluble lead salts.

Various lead compounds were observed to induce chromosomal alterations in vivo and

in vitro, sister chromatid exchange in exposed workers, and cell transformation in

Syrian hamster embryo cells; to enhance simian adenovirus induction; and to alter

molecular processes that regulate gene expression. EPA (1996a) declined to estimate

risk for oral exposure to lead because many actors (e.g., age, general health, nutritional

status, existing body burden and duration of exposure) influence the bioavailability of

ingested lead, introducing a great deal of uncertainty into any estimate of risk.

Ecological Effects

Although lead is not an essential nutrient for plant growth, it is detected in plant tissues

due to the prevalence of lead in the environment. The bioavailability of lead in soil to

plants is limited. It may, however, be enhanced by a reduction in soil pH, a reduction

in the content of organic matter and inorganic colloids in the soil, a reduction in iron

oxide and phosphorus content, and by increased amounts of lead in soils (NRCC,

1973). Plants can absorb lead from soil and air. Aerial deposition of lead can also

contribute significantly to the concentration of lead in aboveground plant parts. Lead is

believed to be the metal of least bioavailability and the most highly accumulated metal

in root tissues (Kabata-Pendias and Pendias, 1992). Mean background concentrations

of lead in grasses and clovers have been reported to range from 2.1 mg/kg (dry weight)
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to 2.5 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992). Older plant parts
contain higher concentrations of lead than younger parts (Bunzl and Kracke, 1984).

Adverse effects of lead on terrestrial plants occur only at total concentrations of several

hundred mg/kg of soil (Eisler, 1988). This is explained by the fact that, in most cases,

lead is tightly bound to soils, and substantial amounts must accumulate before it can

affect the growth of higher plants (Boggess, 1977). Some species of plants have the
ability to tolerate or adapt to high concentrations of lead. Grass shoots growing near a

lead smelter were reported by de Konig (1974) to contain lead concentrations r9ging

from 229 to 2,714 mg/kg (dry weight). Concentrations in leaf tissue that are excessive

or toxic to various plant species range from 30 to 300 mg/kg (dry weight) (Kabata-

Pendias and Pendias, 1992). A soil concentration of 50mg/kg (dry weight) has been

proposed by Will and Suter (1994) as a benchmark screening value for phytotoxicity in

soils. General symptoms of lead toxicity include the wilting of older leaves; the

presence of dark green leaves; stunted leaf growth; and the presence of brown, short

roots (Kabata-Pendias and Pendias, 1992).

As with plants, lead is not considered an essential nutrient for mammalian or avian life.

It is commonly detected in wildlife with background concentrations of lead in whole

bodies of small mammals collected from several locations reported to range from 1 to

7 mg/kg (dry weight) (Eisler, 1988). The highest concentrations of lead reported in
wild species were in animals from urban areas with heavy vehicular traffic or areas

near lead smelters or mines (Eisler, 1988). Ingestion of spent lead shot has resulted in

elevated lead levels in waterfowl. Ingestion is the major route of exposure for wildlife.

Lead tends to accumulated in bone, hair, teeth, and feathers. Biomagnification of lead

is negligible.

In general, organic lead compounds are more toxic than the inorganic forms. Trialkyl

lead salts are 10 to 100 times more toxic to birds than are the inorganic salts (Forsyth

et al., 1985). It has been shown in mammals that tetramethyl lead is approximately

seven times more toxic than tetraethyl lead, both of which induce toxic effects earlier

than inorganic lead compounds (Eisler, 1988). As in humans, immature organisms are

more sensitive to lead than adult organisms (Eisler, 1988).
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Concentrations of lead that are toxic to sensitive mammalian species have been
summarized by Eisler (1988). Individual survival was reported as being reduced at

acute oral doses of lead as low as 5 mg/kg body weight in rats, at a chronic dose of

0.3 mg/kg body weight in dogs, and at a dietary level of 1.7 mg/kg body weight in the

horse (Eisler, 1988). The no- effect level of lead intake for sheep is about 0.1 mg/kg/d

(Booth and McDonald, 1982, as cited in NLM, 1996). Examples of extrapolated
NOAELs for chronic exposure of various mammalian wildlife species to lead acetate

are 19.9 mg/kg/d for the white-footed mouse, 5.33 mg/kg/d for the cottontail rabbit,

and 3.44 mg/kg/d for the red fox (Opresko et al., 1994). Drinking water NOAEL)s for

various mammalian wildlife were reported to range from 22.8 to 178 mg/L (Opresko

et al., 1994). Symptoms of lead poisoning in mammals are diverse and depend on the

form of lead ingested, the concentration, and on the species and its age. These

symptoms may include reproductive impairment, decreased body weight, vomiting,
uncoordinated body movements, visual impairment, reduced life span, renal disorders,

and abnormal social behavior (Eisler, 1988). Lead can cross the placenta and result in

stillbirths and skeletal deformities (Eisler, 1988).

Toxicity of lead to birds is dependent upon the form of lead, the route of exposure and

exposure duration, and the species and age of the bird. Hatchlings of chickens,
Japanese quail, mallards, and pheasants are relatively tolerant to moderate lead
exposure (Eisler, 1988). Chickens fed diets containing lead in the form of lead acetate

at 1,850 mg/kg for four weeks did not experience death or severe clinical hematological

effects (Franson and Custer, 1982). Growth rate, however, was suppressed by 47
percent. No effect on growth or survival was reported in juvenile American kestrels

exposed to dietary lead levels of 500 and 2,000 mg/kg, respectively (Hoffman et al.,

1985a; Hoffinan et at., 1985b). LDso values for birds given a single oral dose of

tetraethyllead were 107 mg/kg body weight for the mallard and 24.6 mg/kg body

weight for the Japanese quail (Hudson et al, 1984). No adverse effects were observed

in birds fed diets containing lead at 100 mg/kg in the form of lead nitrate over a 12-

week period (Finley et al, 1976). Based on toxicity data specific to American kestrels

exposed orally to metallic lead, Opresko et al. (1994) estimated NOAELs for the great

blue heron and red-tailed hawk to be 1.47 and 1.89 mg/kg/d, respectively. The
drinking water NOAEL for these birds was estimated as 33 mg/L. Lead-poisoned birds
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may exhibit external symptoms such as loss of appetite, lethargy, emaciation, tremors,

drooping wings, green liquid feces, and abnormal motor skills (Eisler, 1988).

Highest recorded concentrations of lead in freshwater biota have been in areas located

near industrialized and urban areas, from ponds containing large quantities of lead shot,

in ponds near lead mines (Eisler, 1988). Lead concentrations are usually highest in

algae, benthic invertebrates, and shellfish. Bioconcentration factors for freshwater

biota are discussed in Eisler (1988). High bioconcentration factors for aquatic biota

such as algae are attributed in part to the adsorption of lead onto the surface of the

organism (Demayo et aL, 1982). The bioconcentration factor for lead in aquatic insects

is approximately 500 (EPA, 1985, as cited in Eisler, 1988). Sediments serve as sinks

for lead. As a result, submergent aquatic plants and benthic invertebrates may be

exposed to higher lead concentrations than organisms in the water column. No

significant biomagnification of lead occurs in aquatic ecosystems (Boggess, 1977).
Background concentrations of lead in fish tend to be less than 1 mg/kg (dry weight)

(Eisler, 1988).

The 's National Ambient Water Quality Criteria for lead in freshwater is 82 j.xg/L

for acute exposure and 3.2 .tg/L for chronic exposure of aquatic life to lead (based on a

water hardness of 100 mg/L) (EPA, 1996a). The USEPA ecotox threshold for lead is

0.0025 mg/L (EPA, 1996b). The Ohio Warmwater Habitat Water Quality Criteria for

lead is set at 0.00285.. Because the toxicity of lead to aquatic organisms is affected by

water hardness, all water-quality criteria must be adjusted for with site-specific water

hardness data. The lowest chronic values of lead reported in the literature for fish and

Daphnia are 18.88 and 12.26 jig/L, respectively (Suter and Mabrey, 1994). The test

ECw for fish can be used as a benchmark indicative of production within a population.

It is the highest tested concentration causing less than 20 percent reduction in the

weight of young fish per initial female fish in a life cycle or partial life-cycle test or the

weight of young per egg in an early life-stage test (Suter and Mabrey, 1994). This
value is 22 ig/L for lead (Suter and Mabrey, 1994). The 30-day LC5o value for adult

leopard frogs (Rana pipiens) exposed to lead is 105 mg/L, with deaths noted at a

concentration of 25 mg/L (EPA, 1985). Delays in metamorphosis times have been

reported in tadpoles (Rana utricularia) exposed to lead concentrations of 0.5 mg/L

(Yeung, 1978).
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In general, dissolved lead is more toxic than total lead, and organic forms of lead are

more toxic than inorganic forms. Soluble lead in the water column becomes less
bloavailable as water hardness increases. The toxicity of lead to fish may also be

influenced by calcium concentrations in the environment (Varanasi and Gmur, 1978).

Chronic exposure of fish to lead may result in signs of lead poisoning, such as spinal

curvature, anemia, darkening of the dorsal tail region, destruction of spinai neurons,

difficulties in swimming, growth inhibition, changes in blood chemistry, retarded
sexual development, and death (Eisler, 1988). It has been reported that freshwater

isopods may develop a tolerance to lead (Fraser, 1980)
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MAGNESIUM

Human Health Effects

Magnesium is an alkaline earth metal in Group hA of the periodic table (Sax and

Lewis, 1987). It comprises about 2.1% of the earth's crust by weight, and occurs in

nature in the combined fonn, particularly in magnesite, dolomite, sea water and brines

(Budavari, 1989). Concentrations in natural water were several hundred mgIL in some

western U.S. streams (van der Leeden et a!., 1991). Ocean water contains > 1,000

mg/L, and brines may contain up to 57,000 mg/L. Concentrations in finished ppblic

water supplies in the 100 largest cities in the U.S. ranged from 0-120 mg/L, with a

median of 6.25 mg/L.

Magnesium is a nutritionally essential element required for many enzyme systems,
particularly those involved in phosphate transfer, and for proper functioning of the

neuromuscular and cardiovascular systems (Mudge, 1980; Selkurt, 1971). The average

adult body contains approximately 2000 mEq (24 g), 50% of which is located in the

skeleton. The average U.S. adult ingests 20-40 mEq (240-490 mg)/day, and absorbs

about one third of the ingested amount, probably by an active transport system identical

with or closely related to that which effects absorption of calcium. The extent of

absorption appears to increase in cases of increased requirement (Birch, 1988). The

current RDAs are 40-60 mg/day for infants up to one year of age, 80-170 mg/day for

children 1-10 years, 270-400 mg/day for children 11-18 years, and 280-350 mg/day for

adults (NRC, 1989).

Magnesium salts are used as saline cathartics and gastric antacids (Birch, 1988; Fingle,

1980; Harvey, 1980). When used as cathartics, the usual doses are 15 g of magnesium

sulfate (approximately 3 g magnesium) or 40-160 mEq (0.5-2 g) magnesium from

magnesium hydroxide (milk of magnesia).

Hypermagnesemia may result from consumption of very large quantities of magnesium

by persons with renal failure (Birch, 1988). Ingestion of large doses of magnesium
usually induces vomiting in humans, which limits the toxic hazard. Symptoms of

hypermagnesemia include muscle weakness, hypotension, electrocardiographic changes,
sedation, confusion, and possibly loss of deep tendon reflexes and respiratory arrest.

B-85



710 288
When used as a laxative, as little as 5 g magnesium sulfate (1 g magnesium) can induce

a significant laxative effect (Fingle, 1980). Prolonged use of magnesium hydroxide as

an antacid may rarely cause fecal stones composed of magnesium carbonate and

magnesium hydroxide (Harvey, 1980).

There are no verified or provisional toxicity values or water quality criteria for
magnesium (EPA, 1996a). Intake of a single 1 g dose of magnesium may induce a

significant laxative effect (Mudge, 1980). Prolonged high intake may induce
hypermagnesemia, but only in persons in whom excretion of magnesiuqi is
compromised because of kidney damage, or may induce the formation of fecal stones

(Harvey, 1980; Mudge, 1980), but the dose associated with these effects is not known.

In the absence of quantitative chronic toxicity data, the high end of the range of normal

dietary values, 490 mg/day (Mudge, 1980), may be considered a NOAEL for normal

humans and selected as the basis for an RE) for chronic oral exposure to magnesium.

Application of an uncertainty factor of 1 yields an RfD of 490 mg/day, or 7 mg/kg-day.

The uncertainty factor of 1 is appropriate for a NOAEL in normal humans.
Presumably, the most sensitive subpopulation consists of individuals with renal failure.

No uncertainty factor is applied to protect these individuals, however, because
application of an uncertainty factor of 10 would yield an RE) below the RDA for

magnesium.

Ecological Effects

There are no USEPA benchmarks (EPA, 1996b) or USEPA Warmwater Habitat Water

Quality Criteria for the protection of freshwater biota against exposure to magnesium.
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MANGANESE

Human Health Effects

Manganese is a nutritionally essential element (Saric, 1986). Its absorption from the GI

tract is homeostatically controlled. Absorption of manganese from the GI tract of
healthy humans was measured at 3 percent of a single 200 mg oral dose. Human
epidemiological data suggest that manganese in drinking water is somewhat more

bioavailable than manganese in the diet (EPA, 1996a). In humans suffering from

manganese toxicity or anemia, GI absorption was measured at 4 and 7.5 percent,

respectively. The 3 percent 01 absorption estimate is considered sufficiently
conservative and well documented to use in estimating a dermal RID from an oral RID.

Sufficient data were not located for estimating respiratory tract or dermal uptake of

manganese.

Distribution of absorbed manganese is first to the liver, and then to other tissues (Saric,

1986). Although no tissue accumulates large amounts, highest concentrations of
manganese in humans are located in the liver, kidney, endocrine glands, and the
intestines. The principal route of excretion is through the feces, in part due to biliary

and pancreatic secretion. Urinary excretion and loss through sweat, hair, and lactation

also occur.

Humans exposed to approximately 0.8 mg manganese per kg-day in drinking water
exhibited lethargy, mental disturbances (1 / 16 committed suicide), and other neurologic

effects. The elderly appear to be more sensitive than children. Oral treatment of
laboratory rodents induces biochemical changes in the brain, but rodents do not exhibit

the neurological signs exhibited by humans. Occupational exposure to high
concentrations in air induces a generally typical spectrum of neurological effects, and

increased incidence of pneumonia (ACGIH, 1991).

EPA (1996a) derived separate verified RfD values for chronic oral exposure to
manganese in drinking water and in the diet, reflecting the presumption of greater

bioavailability of manganese from drinking water. The chronic oral RID for ingestion

of manganese in drinking water is 0.005 mg/kg-day, based on an NOAEL of 0.005

mg/kg-day and an LOAEL of 0.06 mg/kg-day associated with neurological impairment
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in a human epidemiology study. The elderly appeared to be more severely affected

than children or younger adults. An uncertainty factor of 1 was used. A chronic oral

RID of 0.14 mg/kg-day was based on studies of dietary intake in humans. The intake

of 0.14 mg/kg-day was considered an NOAEL; an uncertainty factor of 1 was used.

EPA (1996) presents a verified chronic inhalation RfC of 0.0004 mg/m3 based on an

LOAEL for respiratory symptoms and psychomotor disturbances in occupationally

exposed humans and an uncertainty factor of 300. The inhalation RfC is equivalent to

0.00011 mg/kg-day, assuming humans inhale 20 m3 of air/day and weight 70 kg. The

central nervous system (CNS) and respiratory tract are target organs of inhal1tion

exposure to manganese.

EPA (1 996a) classifies manganese in cancer weight-of-evidence Group D (not
classifiable as to carcinogenicity to humans). Quantitative cancer risk estimates are not

derived for Group D chemicals.

Ecological Effects

Manganese is an essential element for plant growth. Uptake of manganese may occur

via root or foliar uptake (Kabata-Pendias and Pendias, 1992). Background
concentrations of manganese in immature grasses collected in the United States are

reported to range from 20 to 665 mg/kg (dry weight) (Kabata-Pendias and Pendias,
1992). The concentration of manganese in plants is dependent upon plant and soil

characteristics. Plants grown on flooded or acid soils tend to contain higher
concentrations of manganese than plants grown in other, uncontaminated soil types

(Kabata-Pendias and Pendias, 1992). In addition, concentrations of manganese in
plants are positively correlated with soil organic matter (Kabata-Pendias and Pendias,

1992). Biological and geochemical interactions of manganese with other metals can

also alter the amount of available manganese (Kabata-Pendias and Pendias, 1992).

Concentrations of manganese in leaf tissue that are excessive or toxic to various plant

species, with the exclusion of very sensitive and highly tolerant species, range from 400

to 1,000 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992). A soil concentration

of 500 mg/kg (dry weight) has been proposed by Will and Suter (1994) as a benchmark

screening value for manganese phytotoxicity. General symptoms of manganese toxicity
in plants include the presence of chlorosis and necrotic lesions on old leaves, blackish-

B-89



710 292
brown or red necrotic spots, dried leaf tips, and stunted root and plant growth (Kabata-

Pendias and Pendias, 1992).

Manganese is an essential nutrient that is homeostatically regulated in vertebrates

(Schroeder et al., 1966, as cited in Vanderploeg et a!., 1975). Data on background
concentrations of manganese in mammalian and avian wildlife are limited. Beardsley
et al. (1978) reported kidney and liver tissues of field voles (Microtus agrestis)
collected from a reference location to contain mean manganese concentrations of 6 and

8 mg/kg (dry weight), respectively. Liver and kidney tissues generally contaiij the
highest concentrations of manganese in the body (Gregus and Klaassen, 1986).
Manganese in the body is primarily excreted in feces (Gregus and Klaassen, 1986).

Divalent manganese is more toxic than trivalent manganese in mammals. Exposure to

manganese dust via irthalation is usually of greater toxicological concern than ingestion

of manganese (Hammond and Beliles, 1980). Based on an oral NOAEL of 88 mg/kg/d

for rats exposed to manganese oxide, extrapolated NOAELs for chronic oral exposure

of various mammalian wildlife species to manganese were estimated to be 219 mg/kg/d

for the white-footed mouse, 58.6 mg/kg/d for the cottontail rabbit, and 37.9 mg/kg/d

for the red fox (Opresko et al., 1994). Calculated chronic drinking-water NOAELs for

wildlife are 731 mg/L for the white-footed mouse, 606 mg/L for the cottontail rabbit,

and 449 mg/L for the red fox (Opresko et al., 1994). Laboratory studies with rats have

found no hematologic, behavioral, or histologic effects in animals exposed to
manganese dioxide at concentrations of 47 mg/cubic meter (m3) for five hours a day,

five days a week for 100 days (Martone, 1964, as cited in Hammond and Beliles,

1980). Concentrations of manganese in the brain of the rats did, however, increase by

fourfold.

As mentioned earlier, manganese is a required nutrient for plant and animal life.

Manganese concentrations in most invertebrates are homeostatically controlled

(Schroeder et a!., 1966, as cited in Vanderploeg et a!., 1975). Concentrations of

manganese in Sphagnum mosses collected from northern Canada were reported to range

from 39 to 389 mg/kg (Glooschenko and Capobianco, 1978, as cited in Leland et a!.,

1979). Bioconcentration factors for freshwater macrophytes have been reported to

range from 190 to approximately 25,000 (Vanderploeg et a!, 1975). With regard to
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freshwater fish, concentrations of manganese in fish muscle are generally less than

0.5 mg/kg and range from 3 to 10mg/kg in whole fish (Vanderploeg et al., 1975).
Bioconcentration factors from water to whole fish range from 40 to 2,300 (Vanderploeg

et al., 1975). Manganese bioconcentration factors for molluscs are relatively high.

Vanderploeg et al. (1975) suggest a factor of 10,000 to be used for snail shells and

whole snails and a factor of 2,000 for soft tissue of snails. A bioconcentration factor of

10,000 was also suggested for crustaceans (Vanderploeg et al., 1975).

The USEPA benchmark for manganese is set at 0.80 mg/L (EPA, 1996b). No Ohio

EPA Warmwater Habitat Water Quality Criteria has been set for manganese. Suter and

Mabrey (1994), however, have estimated acute and chronic advisory levels for

manganese to be 1,470 and 80.3 jig/L, respectively. The lowest chronic values of

manganese reported in the literature for fish and Daphnia are 1,770 .tg/L and less than

1,100 jag/L, respectively (Suter and Mabrey, 1994). The test ECzo for fish can be used

as a benchmark indicative of production within a population. It is the highest tested

concentration causing less than 20 percent reduction in either the weight of young fish

per initial female fish in a life cycle or partial life-cycle test or the weight of young per

egg in an early life-stage test (Suter and Mabrey, 1994). The values for manganese is

1,270 .sg/L (Suter and Mabrey, 1994). A similar value can be determined for
daphnids, which reflects the highest tested concentration causing less than 20 percent

reduction in the product of growth, fecundity, and survivorship in a chronic test with a

daphnid species. The EC20 benchmark for daphnids is less than 1,100 .ig/L (Suter and

Mabrey, 1994).
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NICKEL

Human Health Effects

In a subchronic gavage study with nickel chloride in water, clinical signs of toxicity in

rats included lethargy, ataxia, irregular breathing, reduced body temperature,
salivation, and discolored extremities (EPA, 1996). Inhalation exposure was associated

with asthma and pulmonary fibrosis in welders using nickel alloys (ACGIH, 1986).

Lung effects were observed in laboratory animals exposed by inhalation. The EPA

(1996) presented a verified RD of 0.02 mg/kg/day for chronic oral exposure to ni;kel,

based on an NOAEL for decreased organ and body weights in a two-year dietary study

with nickel sulfate in rats and an uncertainty factor of 300. The EPA (1995) presented

the same value as a provisional subchronic oral RD. The CNS appears to be the target

organ for the oral toxicity of nickel. The lung is clearly the target organ for inhalation

exposure.

Occupational exposure to nickel was associated with increased risk of nasal, laryngeal

and lung cancer (ATSDR, 1988). Inhalation exposure of rats to nickel subsulfide

increased the incidence of lung tumors. The EPA (1996) presents a cancer weight-of-

evidence Group A classification (human carcinogen) for nickel, and presents an

inhalation unit risk of 0.00024 (yg/m3)' for nickel refinery dust. The unit risk is
equivalent to 0.84 (mg/kg/day)-', assuming humans inhale 20 m3 of air/day and weigh

70 kg. The quantitative estimate was derived from the human occupational studies.

Ecological Effects

Nickel is not believed to be an essential element for plant growth; however, beneficial

effects of nickel have been reported on the growth of legumes (Kabata-Pendias and

Pendias, 1992). Background concentrations of nickel in grasses and clovers collected

in the United States averaged 0.13 and 1.5 mg/kg (dry weight) (Kabata-Pendias and

Pendias, 1992). Grains contain relatively high concentrations of nickel ranging from

0.10 to 1.2 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992). The concentration

of nickel in plants is positively correlated with nickel concentrations in soil (Kabata-

Pendias and Pendias, 1992). Soil pH can have an effect on the availability of nickel to

plants, where increasing the pH from 4.5 to 6.5 decreased the nickel concentration in

oat grains by a factor of approximately 8 (Berrow and Burridge, 1981, as cited in
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Kabata-Pendias and Pendias, 1992). Some plants, such as some alyssums (Berteroa
sp.), are able to accumulate and tolerate elevated levels of nickel within their tissues.

Elevated concentrations of nickel can be found in plants growing on or near sewage

sludge and in areas where nickel occurs as an airborne pollutant. Adsorbed nickel can

be washed off the leaves rather easily (Ashton, 1972).

Concentrations of nickel in leaf tissue that are excessive or toxic to various plant

species, with the exclusion of very sensitive and highly tolerant species, range from

10 to 100 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992). Concentratiops of
nickel in plant tissues that are expected to result in a 10 percent loss in crop yield range

from 10 to 30 mg/kg (dry weight) (Macnicol and Beckett, 1985). A soil concentration

of 30 mg/kg (dry weight) has been proposed by Will and Suter (1994) as a benchmark

screening value for nickel phytotoxicity. General symptoms of nickel toxicity in plants

include the presence of interveinal chlorosis in new leaves, gray-green leaves, and

brown and stunted root and plant growth (Kabata-Pendias and Pendias, 1992). The

uptake of nutrients and minerals, especially iron, can be substantially reduced as a

consequence of nickel toxicity in plants (Kabata-Pendias and Pendias, 1992).

Nickel is a nonessential element for animal life. Nickel concentrations within the whole

bodies of small mammals from uncontaminated sites were reported to range from 2.2 to

6.2 mg/kg (dry weight) (Talmage and Walton, 1991). Highest concentrations were
measured in the deer mouse (Peromyscus maniculatus). Highest tissue concentrations

of nickel are usually found in the liver of mammals (Schroeder et al., 1964, as cited in

Jenkins, 1980). Laboratory studies have shown ingested nickel to accumulate in bone

(Hammond and Beliles, 1980). Background concentrations of nickel in the feathers and

eggs of birds are generally less than 0.05 mg/kg (dry weight) (Jenkins, 1980).

Because nickel is poorly absorbed by the gastrointestinal tract, ingested nickel is

generally not of great toxicological concern. Inhaled nickel, however, is very toxic and

has been categorized as a potent carcinogen. Based on toxicity data for rats exposed to

nickel sulfate hexahydrate, extrapolated NOAELs for chronic oral exposure of various

mammalian wildlife species are estimated as 99.7 mg/kg/d for the white-footed mouse,

26.6 mg/kg/d for the cottontail rabbit, and 17.2 mg/kg/d for the red fox (Opresko

et al., 1994). Calculated chronic drinking-water NOAELs for mammalian wildlife are
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332 mg/L for the white-footed mouse, 275 mg/L for the cottontail rabbit, and
204 mg/L for the red fox (Opresko et a!., 1994).

Based on an estimated NOAEL of 77.4 mg/kg/d for mallard ducklings exposed to

nickel sulphate, extrapolated NOAELs for chronic oral exposure of avian species to

these compounds are 53.5 mg/kg/d for the great blue heron and 68.6 mg/kg/d for the

red-tailed hawk (Opresko et al., 1994). The calculated thinking-water NOAEL for
wild birds consuming either nickel sulfate only through drinking water is approximately

1,210 mg/L (Opresko et al., 1994).

Background concentrations in freshwater fish are generally less than 0.5 mg/kg (wet

weight) (Jenkins, 1980). Nickel concentrations in tadpoles collected from the Patuxent

Wildlife Research Center were found to average 2.7 mg/kg (dry weight) for Rana

catesbeiana and 0.9 g/g (dry weight) for Rana clamitans (Hall and Mulhern, 1984).

Background concentrations in adult anurans ranged between 0.9 and 2.9 mg/kg (dry

weight) (Hall and Mulhern, 1984). Data do not suggest biological transformation of

nickel in aquatic systems (Callahan et al., 1979).

The bioavailability and toxicity of nickel to aquatic biota is influenced by the pH of the

water (Schubauer-Berigan et al., 1993). According to Schubauer-Berigan et al. (1993),

toxicity of nickel to Ceriodaphnia dubia and 1-lyalella azteca were greatest under pH
conditions of 8.3 and least toxic at a pH of 6.3. The Federal Water Quality Criteria for

the Protection of Aquatic Life for acute and chronic exposure to nickel in freshwater

systems are 1,400 and 160 j.xg/L, respectively (EPA, 1996). The Ohio EPA
Warmwater Habitat Water Quality Criteria for nickel is set at 0.16 mg/L. The lowest

chronic values of nickel reported in the literature for fish and Daphnia are less than

35 p.g/L and less than 5 pg/L, respectively (Suter and Mabrey, 1994). The test EC2O

for fish can be used as a benchmark indicative of production within a population. It is

the highest tested concentration causing less than 20 percent reduction in either the

weight of young fish per initial female fish in a life cycle or partial life-cycle test or the

weight of young per egg in an early life-stage test (Suter and Mabrey, 1994). The
value for nickel is 62 pg/L (Suter and Mabrey, 1994). A similar value can be
determined for daphnids, which reflects the highest tested concentration causing less

than 20 percent reduction in the product of growth, fecundity, and survivorship in a
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chronic test with a daphnid species. The ECw benchmark for daphnids is 45 .tg/L
(Suter and Mabrey, 1994).

•1
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POLYAROMATIC HYDROCARBONS

Human Health Effects

Several rat studies indicate that there is considerable chemical-specific variation in the

pharmacokinetics of polyaromatic hydrocarbons (PAH5) (ATSDR, 1994). GI

absorption is enhanced by solubiizing the chemical in a readily absorbed vehicle such

as oil. Jones and Owen (1989) reported a range of 43 to 58 percent for the GI
absorption of benzo(a)pyrene. The lower end of this range, 43 percent, is considered

sufficiently conservative and well documented to use in estimating dermal RfD and

cancer slope factors from the respective oral values for all the EPA Group D PAHs.

The identification of metabolites of PAHs in the urine of occupationally exposed

humans is semi-quantitative evidence that respiratory tract uptake occurs, although

quantitative uptake data were not located (ATSDR, 1994). Studies in rats indicate that

pulmonary absorption of benzo(a)pyrene is rapid. PAHs carried by insoluble

particulate matter, however, would be retained in the lung longer than pure PAHs.

Human and animal studies suggest that there is considerable chemical-specific variation

in dermal absorption. Quantitative estimates in animals treated with radiolabeled

compounds range from 33 percent for dibenzo(a,h)anthracene to 93 percent for

benzo(a)pyrene.

Inhalation and oral studies in animals with radiolabeled benzo(a)pyrene indicate that

distribution of absorbed material is primarily to the lipid fractions of the liver, lung,

kidney, and GI tract, with redistribution to the protein fractions of these organs

(ATSDR, 1994). Absorbed benzo(a)anthra-cene, dibenzo(a,h)anthracene, and chrysene

are rapidly and widely distributed in orally treated rats. There is considerable

chemical-specific variability in the distribution of the PAHs to the fetuses of pregnant

rats.

Studies of the metabolism of benzo(a)pyrene provide information relevant to other

PAHs, because of the structural similarities of all members of the class. Metabolism

involves microsomal mixed function oxidase hydroxylation of one or more of the

phenyl rings with the formation of phenols and dihydrodiols, probably via formation of

arene oxide intermediates (ATSDR, 1994). The dihydrodiols may be further oxidized
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to diol epoxides, which, for certain members of the class, are known to be the ultimate

carcinogens (EPA, 1996a). Conjugation with glutathione or glucuronic acid and

reduction to tetrahydrotetrols are important detoxification pathways.

Excretion of benzo(a)pyrene is principally through the bile, although there seems to be

considerable species variation in the pattern (biliary versus urinary) and rate of

excretion (ATSDR, 1994). Urinary excretion predominates slightly in rats treated
dermally with anthracene.

Oral RfD values were not availablç for benzo(k)fluoranthene, phenanthrene, or ay of

the cancer weight-of-evidence Group B2 PAHs.

Mild kidney lesions appear to the critical effects of pyrene. In mice treated by gavage

for 13 weeks, 75 mg/kg/day was an NOAEL and 125 mg/kg/day was an LOAEL

(EPA, 1989). Even in mice treated with 250 mg/kg/day the lesions were considered

minimal to mild. The EPA (1996) verified a chronic oral RfD for pyrene of 0.03

mg/kg/day based on the NOAEL in mice and an uncertainty factor of 3,000 (10 each

for inter- and intraspecies variation and to expand from subchronic to chronic exposure,

and a factor of 3 to reflect gaps in the database). The EPA (1995) presented a
provisional subchronic oral RfD of 0.3 mg/kg/day based on the same NOAEL and an

uncertainty factor of 300. The kidney is the target organ for the toxicity of pryene.

Benzo(a)pyrene is the most extensively studied PAll, inducing tumors in multiple

tissues of virtually all laboratory species tested (ATSDR, 1994). Although
epidemiology studies suggested that complex mixtures that contain PAHs (coal tar,

soots, coke oven emissions, cigarette smoke) are carcinogenic to humans (EPA,
1996a), the carcinogenicity cannot be attributed to PAHs alone because of the presence

of other potentially carcinogenic substances in these mixtures (ATSDR, 1994).
Because of the lack of human cancer data, assignment of individual PAHs to EPA

cancer weight-of-evidence groups was based largely on the results of animal studies

with large doses of purified compound (EPA, 1996a). Frequently, unnatural routes of

exposure, including implants of the test chemical in beeswax and trioctanoin into the

lungs of rats, intratracheal instillation, and subcutaneous or intraperitoneal injection

were used.
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Benzo(g,h,i)perylene, phenanthrene and pyrene were classified in Group D (not
classifiable as to carcinogenicity to humans), and benzo(a)anthracene, benzo(a)pyrene,

benzo(b)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno( 1,2, 3-cd)pyrene

were classified in Group B2 (probable human carcinogen) (EPA, 1996a). Quantitative
risk estimates are not derived for Group D compounds.

EPA (1996) verified a slope factor for oral exposure to benzo(a)pyrene of 7.3 per

mg/kg-day, based on several dietary studies in mice and rats. A provisional unit risk of

0.0017 (mg/m3)' was based on respiratory tract tumors in hamsters expose5! by

inhalation (EPA, 1 996a). The unit risk is equivalent to 6.1 (mg/kg-day)', assuming an

inhalation rate of 20 m3/day and a body weight of 70 kg for humans. Provisional

quantitative risk estimates are available for the other PAHs in Group B2 (EPA, 1993).

EPA (1980) promulgated an ambient water quality criterion for "total carcinogenic

PAHs," based on an oral slope factor derived from a study with benzo(a)pyrene, as

being sufficiently protective for the class. Largely because of this precedent, the

quantitative risk estimates for benzo(a)pyrene are adopted for the other carcinogenic

PAHs when quantitative estimates were needed.

Recent reevaluations of the carcinogenicity and mutagenicity of the Group B2 PAHs

suggest that there are large differences between individual PAHs in cancer potency

(Krewski, et al., 1989). Based on the available cancer and mutagenicity data, and

assuming that there is a constant relative potency between different carcinogens across

different bioassay systems and that the PAHs under consideration have similar dose-

response curves, Thorslund and Charnley (1988) derived relative potency values for

several PAHs. A more recent Toxicity Equivalency Function (TEF) scheme for the

Group B2 PAHs was based only on the induction of lung epidermoid carcinomas in

female Osborne-Mendel rats in the lung-implantation experiments (Clement
International, 1990). Provisional TEFs for the determination of oral and inhalation

slope factors are provided by EPA (1993).

Although the EPA has not verified slope factors for Group B2 PAHs other than
benzo(a)pyrene, the slope factors based on TEFs represent reasonable estimates based

on the data available. The relative potency approach employed here meets criteria

considered to be desirable for this type of analysis (Lewtas, 1988). For example, the
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chemicals compared have similar chemical structures and would be expected to have

similar pharmacokinetic fate in mammalian systems. In addition, the available data

suggest that the Group B2 PAHs have a similar mechanism of action, inducing
frarneshift mutations in Salmonella and tumor initiation in the mouse skin painting

assay. Similar noncancer effects (minor changes in the blood, liver, kidneys) of the

Group 1) PARs support the hypothesis of a common mechanism of toxicity. Finally,

the same endpoints of toxicity, i.e., potency in various cancer assays, and related data,

were used to derive the relative potency values (Krewski, et al., 1989).

)
Ecological Effects

Polycyclic aromatic hydrocarbons (PAH) comprise a group of compounds containing
two or more fused benzene rings. Although thousands of different PAHs are known to

exist, 13 are of great environmental concern. These include acenaphthalene,

anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h, i)perylene,

benzo(k)fluoranthene, chrysene, fluoranthene, indeno( 1,2, 3-cd)pyrene, naphthalene,
phenanthrene, and pyrene. PAHs are ubiquitous in nature, occurring from both natural

and anthropogenic sources. PAHs present in surface waters are expected to undergo

hydrolysis. In general, these compounds have low water solubilities and therefore

partition into sediments (Sims and Overcash, 1983).

Some PAHs are synthesized by plants at very low concentrations (Sims and Overcash,

1983). Background concentrations of specific PAH compounds usually range from
22 to 88 g/kg (dry weight) in tree leaves, 48 to 66 g/kg (dry weight) in cereal crop

plants, 0.05 to 50 g/kg (dry weight) in lea& vegetables, 0.01 to 6 g/kg (dry weight) in
underground vegetables, and 0.02 to 0.04 g/kg (dry weight) in fruits (Sims and

Overcash, 1983). In general, PAH concentrations are usually greater in aboveground
plant parts than in belowground parts and are greater on plant surfaces than within

internal tissues (Edwards, 1983, as cited in Eisler, 1987). Lower-molecular-weight
PAl-Is are taken up from soil by plants more readily than higher-molecular-weight

PAils (Eisler, 1987). Plant-to-soil concentration ratios for total PAHs have been

reported to range from 0.001 to 0.183 (Wang and Meresz, 1981, as cited in Edwards,

1989). According to Edwards (1983, as cited in Talmage and Walton, 1990), plant-to-

soil concentration ratios for benzo(a)pyrene are usually low, ranging from 0.0001 to

0.33. Atmospheric deposition is believed to be the usual source of PAHs in plants, not
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uptake from soil (Sims and Overcash, 1983). The waxy surface of some plant leaves

and fruits can concentrate PAHs through surface adsorption (EPA, 1980, as cited in

NLM, 1996). Mosses have been recommended as good indicators of regional PAH air

pollution (Herrmann and ilubner, 1984, as cited in Eisler, 1987). Some species of

bacteria and fungi can degrade specific PAH compounds (Eisler, 1987; Sims and

Overcash, 1983).

Limited data exist on the phytotoxicity of PAHs to plants. Benzo(b)fluoranthene

concentrations of 6,254 g/kg in soil were reported to reduce stem growth in wheaj but

did not affect rye plants (Sims and Overcash, 1983). Dry-leaf mass was slightly
reduced, and total dry yield was reduced by 11 percent in the wheat plants exposed to

the elevated benzo(b)fluoranthene concentration. Benzo(a)pyrene and

benzo(b)fluoranthene soil concentrations of up to 18,000 g/kg do not appear to be

severely toxic to higher plants (Sims and Overcash, 1983). There is some evidence that

low concentrations of some PAHs may actually stimulate plant growth (Edwards,

1989).

Concentrations of PAH compounds in wild mammals and birds could not be found in

the open literature. Exposure to PAHs can occur via inhalation, ingestion, or dermal

exposure. Most of the PAHs taken in the body are not accumulated but are oxidized,

and the metabolites are excreted (Sittig, 1985, as cited in NLM, 1996). In fact, most

PAH compounds are detoxified and excreted from the body (Doull et al., 1986, as cited

in NLM, 1996). PAHs are metabolized in vertebrates by a group of enzymes known as

mixed-function oxidase in the liver. Some of the intermediate metabolites have been

identified as mutagenic, carcinogenic, and teratogenic (Sims and Overcash, 1983).

In most cases, tissue damage from exposure to PAH compounds usually occurs at dose

levels that would be expected to induce carcinomas (Eisler, 1987). The toxic response

to a PAH compound is a function of the specific compound, the dose, and the route of

exposure. Unsubstituted aromatic PAHs with less than four condensed rings have not

been shown to be tumorigenic (Eisler, 1987). Many PAHs with from four to six rings

are carcinogenic (Eisler, 1987). Compounds such as 7,12-dimethylbenz(a)anthracene
and benzo(a)pyrene can induce skin tumors following dermal exposure (Weisburger and

Williams, 1980). One isomer of the benzo(a)pyrene metabolite 7,8-dihydrodiol 9,10-
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epoxide is a very potent carcinogen to newborn mice (Slaga et a!., 1978, as cited in

Lisler, 1987). Some PAR compounds may act in a synergistic or cocarcinogenic
manner when combined (Eisler, 1987).

Studies have not been conducted on the toxicity of PAH compounds to wildlife. A few

laboratory studies on rodents have revealed acute oral toxicities of PAHs are greatest

for benzo(a)pyrene, followed in decreasing order of toxicity by phenanthrene,
naphthalene, and fluoranthene (Sims and Overcash, 1983). LD50 values range from

50 mg/kg body weight to 2,000 mg/kg body weight (Sims and Overcash, 1?83).
Chronic oral doses that result in the production of cancer are lowest for 7,12-
dixnethylbenz(a)anthracene at a dose of 4.0 x i0 to 2.5 x 10 mg/kg body weight

(Eisler, 1987). Benzo(a)pyrene concentrations of 0.002 mg/kg body weight and
anthracene concentrations of 3,300 mg/kg body weight will also result in cancer

following chronic oral exposure to the specific compound (Eisler, 1987). Based on an

estimated laboratory mouse oral NOAEL of 1.0 mg/kg/d for benzo(a)pyrene, Opresko

et al. (1994) estimated wildlife NOAELs for benzo(a)pyrene of 1.11 mg/kg/d for the

white-footed mouse, 0.296 mg/kg/d for the cottontail rabbit, and 0.191 mg/kg/d for the

red fox. Calculated chronic NOAELs for mammalian wildlife exposed to
benzo(a)pyrene in drinking water only range from 1.91 to 7.76 mg/L (Opresko et al.,

1994).

Bioconcentration factors have been reported for aquatic biota exposed to PAHs under

laboratory conditions (Eisler, 1987). Bioconcentration factors for Dap/inia exposed to

specific PAR compounds for a period of at least 24 hours range from 131 for

naphthalene to 134,248 for benzo(a)pyrene (Lisler, 1987). Water to liver
bioconcentration factors for freshwater fish exposed to benzo(a)pyrene for a minimum

of eight days range from 182 for rainbow trout (Salmo gairdnerz) to 1,375 for Northern

pike (Esox lucius) (Eisler, 1987). There is little evidence for bioaccumulation and

biomagnification of PAHs in the aquatic environment (Eisler, 1987).

The toxicity of PAH compounds to fish is also related to the solubility of the compound

in water. Toxicity to aquatic biota also increases as the molecular weight of the PAH

compound and the degree of alkyl substitutions on the aromatic ring increase (Eisler,

1987). The toxicity of PAHs to aquatic organisms is very species-specific and related
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to the organisms' ability to metabolize and excrete the compound (Eisler, 1987).

Because many species of fish are able to metabolize benzo(a)pyrene to reactive

intermediates that have mutagenic and carcinogenic properties, the presence of tumors

in fish from PAH-contaminated environments is often related to exposure to PAHs

(Eisler, 1987). Other toxic responses that have been noted in aquatic biota exposed to

PAHs include inhibited reproduction in daphnids, delayed emergence of larval midges,

decreased respiration and heart rate in mussels, inhibition of photosynthesis in algae

and aquatic macrophytes, and liver enlargement in fish (Eisler, 1987).

)
A few Federal Water Quality Criteria exist for the protection of freshwater aquatic life.

These are an acute value of 3,980 .tg/L for fluoroanthene, an acute value of 30 j.tg/L

and chronic value of 6.3 pg/L for phenanthrene, and an acute value of 2,300 p.g/L and

a chronic value of 620 .tg/L for naphthalene (EPA, l996a). The OEPA Warmwater

Habitat Water Quality Criteria for PAHs range from 0.00031 to 0.0089. US EPA

benchmarks have been set for some PAHs: benzo(a)pyrene (1.4 x io mg/L),

fluoranthene (0.00081 mg/L), and phenanthrene (0.0063 mg/L) (EPA, 1996b). Suter
and Mabrey (1994), however, have derived acute and chronic advisory values for

freshwater biota exposed to PAHs. These are presented in Table D-2. Also presented

in Table D-2 are the lowest chronic values of specific PAHs reported in the literature

for fish and daphnids (Suter and Mabrey, 1994). The test EC20 for fish can be used as a

benchmark indicative of production within a population. It is the highest tested
concentration of a specific PAH causing less than 20 percent reduction in either the

weight of young fish per initial female fish in a life cycle or partial life-cycle test or the

weight of young per egg in an early life-stage test (Suter and Mabrey, 1994). A similar
value can be determined for daphnids, which reflects the highest tested concentration of

a PAH causing less than 20 percent reduction in the product of growth, fecundity, and

survivorship in a chronic test with a daphnid species (Suter and Mabrey, 1994)

(Table below).
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Benchmarks Screening Values for Freshwater Biota
Exposed to Polycyclic Aromatic Hydrocarbons

Where No Federal Criteria Exisr
PAHb Advisory

Value

(sgIL)

Lowest
Chronic
Value
(gIL)

Lowest
Test ECw
Value

(,.sgIL)
Acute Chronic Fish Daphnids Fish Daphnids

Acenaphthene — — 74 6,646 <197 —

Anthracene 0.024 0.0013 0.09 <2.1 0.35 >8.2

Berizo(a)anthracene 0.49 0.027 — 0.65 — —

Benzo(a)pyrene 0.24 0.014 — 0.30 >2.99 —

aBencnark screening values obtained from Suter and Mabrey, 1994.
bPAH = Polycyclic aromatic hydrocarbons.
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TETRACHLOROETHENE

Human Health Effects

Occupational (inhalation and dermal) exposure to tetracliloroethene was associated with

neurologic effects, beginning with incoordination and progressing to dizziness,
headache, vertigo, and unconsciousness (ACGIH, 1986). The EPA (1996) presented a
verified chronic oral RfD for tetrachloroethene of 0.01 mg/kg/day based on an NOAEL

for liver toxicity in mice in a subclironic gavage study, and on an NOEL for depressed

body weight gain in rats in a subchronic drinking water study. An uncertainty factpr of

1000 was used. The EPA (1995) presented a provisional subchronic oral RD of 0.1

mg/kg/day based on the same NOEL and an uncertainty factor of 100. The CNS is the

principal target organ for inhalation exposure and the liver is the principal target organ

for oral exposure to tetrachloroethene.

Inhalation exposure to tetrachloroethene induced mononuclear cell leukemia in rats, and

inhalation or oral exposure induced hepatocellular carcinomas in mice (ATSDR, 1987).

Occupational exposure data do not suggest a carcinogenic role for tetrachloroethene in

humans (ACGIH, 1986). Interpretation of the data regarding the carcinogenicity of

tetrachloroethene is controversial, and the EPA (1996) has not adopted a final position

on the cancer weight-of-evidence classification or quantitative risk estimates for
tetracliloroethene.

Ecological Effects

Tetrachloroethylene, also referred to as 1,1,2 ,2-tetrachloroethylene, is not a naturally

occurring compound (Howard, 1990). Most of the tetrachloroethylene produced is
used in the dry- cleaning industry and in the cleaning and degreasing of metals

(Howard, 1990). Tetrachloroethylene in soil is subject to evaporation and to leaching

into groundwater (Howard, 1990). Biodegradation may be an important removal

process in anaerobic soils (NLM, 1996). Tetrachloroethylene in aquatic systems is

primarily lost through evaporation (Wakeham et al., 1983, as cited in NLM, 1996).
Adsorption to sediment is not expected to be significant (NLM, 1996).

Information on concentrations of tetrachloroethylene in plants and phytotoxicity data

could not be found in the literature.
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Tetrachioroethylene is readily absorbed through the lung and to a much lesser degree

through skin and the (31 tract (Arena and Drew, 1986, as cited in NLM, 1996).
Ingested tetrachioroethylene is largely exhaled, with a small fraction of metabolized

components excreted in urine (Parke, 1968, as cited in NLM, 1996). Metabolism of

the compound is relatively slow (Ikeda and Ohtsuji, 1972, as cited in Cornish, 1980).

Tetrachloroethylene tends to accumulate in adipose tissues (Ellenhorn and Barceloux,

1988, as cited in NLM, 1996). Concentrations of tetrachloroethylene in wild birds and

mammals could not be located in the literature.

)
Specific data on the toxicity of tetrachloroethylene to wildlife do not exist.

Tetrachloroethylene is a central nervous system depressant (NLM, 1996). Hepatic and
renal disorders have also been associated with exposure to tetrachloroethylene (NLM,

1996). The lowest published lethal dose or concentration following oral exposure of

animals to tetrachloroethylene are 5 g/kg for the rabbit and 4 g/kg for the dog and cat

(RTECS, 1996). Oral LD5O values for rats and mice exposed to tetrachloroethylene are

2.629 and 8.1 g/kg (RTECS, 1996). Inhalation LCso values of 34.2 g/m3/8 hr and

5,200 ppm/4 hr have been determined for rats and mice, respectively, exposed to

tetrachloroethylene (RTECS, 1996). Adverse impacts on fertility have been reported in

male mice exposed to 500 ppm/7 hr tetrachloroethylene for five days prior to mating

(RTECS, 1996). Postimplantation mortality was elevated in female rats exposed to the

compound at 300 ppml7 hr from day 6 to 15 of pregnancy (RTECS, 1996). Exposure

to tetrachloroethylene is also toxic to the fetus at a concentration as low as 300 ppm/7

hr (female mice exposed from day 6 to 15 of pregnancy) (RTECS, 1996). Teratogenic

effects have also been associated with tetrachloroethylene (RTECS, 1996). An oral no

observed effect level (NOEL) of 14 mg/kg/day has been reported for laboratory rats

exposed to tetrachloroethylene (EPA, 1996). Wildlife NOAELs for
tetrachloroethylene, based on extrapolations from laboratory mouse studies, are
1.55 mg/kg for the white-footed mouse, 0.41 mg/kg/d for the cottontail rabbit, and

0.27 mg/kg/d for the red fox (Opresko et al., 1994). Calculated chronic drinking-water

NOAELs for manimalian wildlife range from 1.78 to 13.8 mg/L (Opresko et al., 1994).

Tetrachloroethylene has been shown to be genotoxic and carcinogenic (RTECS, 1996).

Signs of tetrachloroethylene poisoning in rodents include dizziness, incoordination, and

unconsciousness (NLM, 1996).

B-112



710 315

Tetrachioroethylene in aquatic environments is not expected to biódegrade or
bioconcentrate in aquatic biota (NLM, 1996). Bioconcentration factors that have been

reported for fathead minnows (Pimephales promelas) and bluegill sunfish (Lepomis

macrochirus) exposed to tetrachioroethylene are 38.9 and 49, respectively (Neely et a!.,

1974, and Barrows et al., 1980, as cited in NLM, 1996). Carp and eels collected from

the Delaware River were reported to contain 77 and 250 g/kg tetrachloroethylene,

respectively (Dickson and Riley, 1976, as cited in NLM, 1996).

Data on the toxicity of tetrachioroethylene to freshwater biota are lii9ited.
Tetrachloroethylene was found to increase the relative abundance and decrease species

diversity in phytoplankton communities initially exposed to 1.2 mg/L (0.1 mg/L after
five days) (Lay et al., 1984, as cited in NLM, 1996). Lethal effects occurred in the

Daphnia population in this study (Lay et al., 1984, as cited in NLM, 1996). Examples
of 96-hour LC50 values for freshwater fish exposed to tetrachioroethylene are 18.4 to

21.4 mg/L for fathead minnows, 13 mg/L for bluegill sunfish, and 5 mg/L for rainbow

trout (Salmo gairdneri) (Verschueren, 1983; Buccafusco et at, 1981; and Shubat et al.,

1982, as cited in NLM, 1996).

Federal Water Quality Criteria do not exist for the protection of freshwater aquatic life

from exposure to tetrachloroethylene (EPA, 1996). Lowest effect levels listed by EPA

(1996) following acute and chronic exposure in freshwater systems are 5,280 and

840 gg/L, respectively. Suter and Mabrey (1994) recommend acute and chronic

advisory values of 998 and 12.5 pgIL, respectively, for the protection of freshwater

biota. Lowest chronic toxicity values of tetrachloroethylene to fish and daphnids are

840 and 750 sg/L, respectively (Suter and Mabrey, 1994). The test ECzo for fish can

be used as a benchmark indicative of production within a population. It is the highest

tested concentration causing less than a 20 percent reduction in either the weight of

young fish per initial female fish in a life cycle or partial life-cycle test or the weight of

young per egg in an early life-stage test (Suter and Mabrey, 1994). The value for
tetrachioroethylene has been estimated to be 500 .xg/L (Suter and Mabrey, 1994). A

similar value can be determined for daphnids, which reflects the highest tested
concentration of tetrachloroethylene that will cause less than a 20 percent reduction in

the product of growth, fecundity, and survivorship in a chronic test with a dapimid
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species (Suter and Mabrey, 1994). The EC50 benchmark for daphnids is 510 sg/L

(Suter and Mabrey, 1994).

)
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TRICHLOROETHYLENE

Human Health Effects

Trichioroethylene (TCE) is a colorless, highly volatile liquid. It is used primarily as a

dry cleaning and metal degreasing agent and to a lesser extent as a solvent in adhesives

and paints. Information on TCE has been reviewed by Torkelson and Rowe (1981),

EPA (1980, 1983 and 1984), Hermens and others (1984), and NLM (1996).

Due to TCE's high vapor pressure and low partition coefficients, volatilization from

soils is the primary fate process. Biodegradation is a slower process; its products

include dichloroethylene and vinyl chloride. The half-life in soil has been measured to

be 300 days. TCE is highly mobile in soil and will leach into ground-water where it is

relatively persistent. Although persistent, degradation may occur to cis- and trans-1,2-

dichloroethylene. Under anaerobic conditions TCE can biodegrade to 1,1 -

dichloroethylene and cis- and trans-i ,2-dichloroethylene.

TCE is absorbed by all major routes of entry. Absorption following inhalation is

estimated at from 36 to 75 percent. TCE is assumed to be readily absorbed by
ingestion due to its lipophilicity and nonpolarity. Dermal absorption is thought to be

slow. TCE will attain an equilibrium with the brain, heart, kidneys and liver at a faster

rate than adipose tissue. But, repeated exposures can cause accumulation of TCE in

adipose tissue. The compound is metabolized in the liver to a variety of metabolites, at

least some of which are responsible for much of trichloroethylene' s toxicity.
Metabolites are excreted primarily in the urine. TCE interacts with a number of other

chemicals, including ethanol, generally increasing the severity of effects of both

compounds.

Acute exposures cause central nervous system depression and irritation of mucous

membranes. TCE was once used as a surgical anesthetic, but this practice has been

abandoned because of side effects, such as cardiac arrhythniias and sensitization to

epinephrine-induced arrhythmia, and liver failure, both sometimes fatal. Chronic

dosing produces liver and kidney lesions as well as a peripheral neuritis. In the
evaluation of TCE's carcinogenicity, it has been placed in Group B2, probable human

carcinogen, based on sufficient evidence of carcinogenicity in animals for the oral and
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inhalation routes of exposure. Exposure to TCE has been associated with
developmental effects in animals. A significant increase in liner resorptions, reduction

in fetal body weight, and various skeletal ossification abnormalities were observed.

Studies on reproduction have reported increases in sperm abnormalities. Data

regarding the genotoxicity of TCE are inconclusive.

Ecological Effects

Trichloroethene, or trichloroethylene, is not known to occur as a natural product

(Howard, 1990). This chlorinated organic is primarily used for the vapor degreasiyg of

metals (Howard, 1990). Photooxidation is the primary mode by which trichioroethene

is removed from the atmosphere (NLM, 1996). The compound is fairly stable in soil;

however, it can leach into groundwater (Howard, 1990). The primary removal process

in aquatic systems is evaporation (Howard, 1990). Biodegradation is expected to be

significant only under anaerobic conditions (NLM, 1996).

Data on measured concentrations of trichioroethene in plants have been reported in

grain-based foods, which ranged from 0.77 to 2.7 g/kg (Heikes and Hopper, 1986, as

cited in Howard, 1990). Phytotoxicity data on trichloroethene could not be found in the

literature.

Concentrations of trichloroethene in wildlife are not reported in the literature.

Specific data on the toxicity of trichloroethene to wildlife do not exist. Trichioroethane

is a hepatotoxin and central nervous system toxin (NLM, 1996). The oral LDso value

for mice exposed to trichloroethene is 2.402 g/kg (RTECS, 1996). The inhalation LCso

value for mice exposed to trichloroethene is 8,450 ppml4 hr (RTECS, 1996). The LD50

for dermal exposure of rabbits to trichloroethene is greater than 20 g/kg (RTECS,

1996). Fetotoxic and teratogenic effects have been reported in the offspring of

pregnant rats exposed to trichioroethene (RTECS, 1996). Symptoms of chronic
poisoning in dogs from inhalation of trichloroethene include lethargy, anorexia, nausea,

vomiting, and weight loss (ACGIH, 1971). There is a limited amount of evidence that

suggests trichloroethene is carcinogenic in mammals (RTECS, 1996).
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Wildlife NOAELs for trichloroethene based on extrapolations from laboratory mouse

studies with an estimated NOAEL of 0.7 mg/kg/d are 0.78 mg/kg for the white-footed

mouse, 0.21 mg/kg/d for the cottontail rabbit, and 0.13 mg/kg/d for the red fox
(Opresko et al., 1994). Calculated chronic drinking-water NOAELs for mammalian

wildlife range from 0.89 to 6.91 mg/L (Opresko et a!., 1994).

Very little data exist on concentrations of trichloroethene in aquatic biota.
Concentrations of the compound in bivalve molluscs collected from Lake Pontchartrain

contained average concentrations of less than 5.7 g/kg (Ferraric et al., 1985, as fited

in Howard, 1990). Bioconcentration factors of between 17 and 39 have been reported

for bluegill sunfish and rainbow trout exposed to trichloroethene (Barrows et a!., 1980,

and Lyman, 1981, respectively, as cited in Howard, 1990).

Data on the toxicity of trichloroethene to freshwater biota are limited. LCso values for

sheepshead minnows (Pimep hales promelas) and bluegill sunfish exposed to
trichloroethene for 96 hours are 20 and 44.7 mg/L (Borthwick, 1977, and EPA, 1978,

respectively, as cited in NLM, 1996). Federal Water Quality Criteria do not exist for

the protection of freshwater aquatic life from exposure to trichloroethene (EPA, 1996).

Acute and chronic lowest effect levels have, however, been listed by EPA (1996) as

45,000 pg/L and 21,900 gg/L, respectively. Suter and Mabrey (1994) recommend

acute and chronic advisory values of 4,350 and 465 jsg/L, respectively, for the
protection of freshwater biota. Lowest chronic toxicity values of trichloroethene to fish

and daphnids are 14,867 and 7,257 gg/L (estimated), respectively (Suter and Mabrey,
1994). The test EC20 for fish can be used as a benchmark indicative of production

within a population. It is the highest tested concentration causing less than a 20 percent

reduction in either the weight of young fish per initial female fish in a life cycle or

partial life-cycle test or the weight of young per egg in an early life-stage test (Suter

and Mabrey, 1994). The value for trichloroethene has been determined to be

5,758 xg/L (Suter and Mabrey, 1994).
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VANADIUM

Human Health Effects

The GI absorption of ingested vanadium is very low. A study in humans reported
absorption of a very soluble compound, oxytartarovanadate, to be 0.1 to 1 percent
(Lagerkvist, et al., 1986). Uptake from the diet was estimated to be not greater than 1

percent. Uptake of vanadium from vanadium pentoxide was 2.6 percent of the
administered dose in rats. In the absence of better quantified absorption data, the EPA

(1989) default of 5 percent is used to derive a dermal RID from an oral RfD.

The extent of absorption of vanadium from the respiratory tract depends on particle size

and solubility of the vanadium compound (Lagerkvist, et al., 1986). Although not

precisely quantified, the respiratory tract absorption of soluble vanadium compounds
was estimated at 25 percent (species not reported). Occupationally exposed workers
excrete more vanadium in their urine than do controls. In rats, rapid uptake followed

the intratracheal instillation of several vanadium compounds. For example, more than

one-half of an intratracheal dose of vanadyl trichioride was absorbed from the lungs

within 1 day; 3 percent of the dose remained in the lungs 63 days after treatment.

In laboratory animals, absorbed vanadium is distributed principally to bone, kidney,

liver, and spleen (Lagerkvist, et al., 1986). In humans and laboratory animals,
systemic vanadium is excreted principally in the urine.

The oral toxicity of vanadium and compounds to humans is very low (Lagerkvist et al,

1986), probably because little vanadium is absorbed from the 01 tract. Effects in

humans exposed by inhalation include upper and lower respiratory tract irritation. A

chronic oral RD of 0.007 mg/kg-day was derived from an NOEL in rats in a lifetime

drinking water study with vanadyl sulfate and an uncertainty factor of 100 (EPA,
1995). A target organ could not be identified for oral exposure. The respiratory tract

is the target organ for inhalation exposure.

Vanadium is classified in cancer weight-of-evidence Group D (not classifiable as to

carcinogenicity to humans) (EPA, 1995). Quantitative risk estimates are not derived

for Group D chemicals.
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Ecological Effects

There is some controversy over whether vanadium is an essential element for plants

(Kabata-Pendias and Pendias, 1992; Lauchli and Bieleski, 1983). It appears to be

required by some algal species and may be required by nitrogen-fixing bacteria
(Kabata-Pendias and Pendias, 1992). Mean background concentrations of vanadium in

plants are 1.6 mg/kg for angiosperms, 0.69 mg/kg for gymnosperms, and 0.67 mg/kg

for fungi (dry weight) (Waters, 1977). Vanadium concentrations in mosses and lichens

are often higher than in vascular plants (Jenkins, 1980), averaging about 2.3 mglkg

(dry weight) (Waters, 1977). These plants appear to be good monitors of erial
vanadium pollution (Kabata-Pendias and Pendias, 1992). The fly agaric mushroom
(Amanita muscaria) is considered a vanadium accumulator species (Bertrand, 1950, as

cited in Waters, 1977). Concentrations of up to 345 mg/kg (dry weight) have been

measured in mushrooms of this species collected from an uncontaminated area with soil

vanadium concentrations of 6.7 mg/kg (dry weight) (Lepp et al., 1987, as cited in

Kabata-Pendias and Pendias, 1992). The availability of vanadium to plants is highly

dependent on soil pH (Kabata-Pendias and Pendias, 1992). Elevated levels of vanadium

in soils can also reduce the uptake of manganese, copper, calcium, and phosphorus

(NRCC, 1980, as cited in NLM, 1996).

Concentrations of vanadium in leaf tissue that are excessive or toxic to various plant

species, with the exclusion of very sensitive and highly tolerant species, range from

5 to 10 mg/kg (dry weight) (Kabata-Pendias and Pendias, 1992). A soil concentration

of 2 mg/kg (dry weight) has been proposed by Will and Suter (1994) as a benchmark

screening value for vanadium phytotoxicity.

Vanadium has been shown to be essential in the diets of chicks and rats (Waters, 1977).

Wildlife generally have higher tissue concentrations of vanadium than do humans

(Waters, 1977). Background concentrations of vanadium in the kidneys and livers of

wild mammals are reported to range from 0 to 2.07 mg/kg (wet weight) and from 0 to

0.94 mg/kg (wet weight) (Schroeder, 1970, as cited in Waters, 1977). Liver and
skeletal tissues usually contain the highest concentrations of vanadium (Bertrand, 1950,

as cited in Waters, 1977), although fat may also serve as a storage tissue (Hammond

and Beliles, 1980).
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Toxic responses to vanadium can occur following ingestion or inhalation. The toxicity

of vanadium increases with increasing valence, with pentavalent vanadium as the most

toxic form (NRC, 1977, as cited in NLM, 1996). Laboratory studies have shown rats

exposed to ammonium metavanadate in drinking water at concentrations of 23 to

29 mg/kg body weight for a period of 2 to 8 weeks to experience loss of appetite and

thirst, diarrhea, and subsequent weight loss (Zaporowska and Wasilewski, 1989, as
cited in NLM, 1996). Oral administration of 0.2 mg/mL vanadate over a four-day

period was reported to reduce blood glucose levels and hypoglycemia was not observed

in the rats for at least three weeks (Meyerovitch et al., 1987, as cited in NLM, 1?96).

The no adverse effects were observed in rats continuously exposed to vanadium

pentoxide at a concentration of 0.002 mg/rn3 for 70 days (Pazynich, 1966, as cited in

Waters, 1977). In another study, a subchronic NOAEL of 17.9 parts per million (ppm)

vanadium pentoxide was reported for rats (EPA, 1996). Based on exposure of rats to

sodium metavanadate, Opresko et al. (1994) estimated oral NOAELs for the white-

footed mouse, cottontail rabbit, and red fox to be 0.47, 0.13, and 0.08 mg/kg/d,
respectively. Drinking water NOAELs ranged from 0.54 to 2.45 mg/kg/d for various

mammals (Opresko et al., 1994). Likewise, oral NOAELs were estimated for wild

birds exposed to vanadyl sulfate based on an estimated NOAEL for the mallard of

11.4 mg/kg/d (Opresko et al., 1994). NOAELs for the great blue heron and red-tailed

hawk were approximated at 9.0 and 11.5 mg/kg/d, respectively. The drinking water

NOAEL for these species is 203 mg/L. Signs of acute toxicity in animals include

alterations in nervous system responses, gastrointestinal distress, hemorrhaging,

paralysis, convulsions, and respiratory depression (Hammond and Beliles, 1980).

Background concentrations of vanadium in freshwater fish are usually less than

2.5 mg/kg (wet weight) (Jenkins, 1980). A bioconcentration factor of 3,000 has been

listed for aquatic invertebrates exposed to vanadium (Neumann, 1976).

The US EPA benchmark for vanadium is 0.019 mg/L (EPA, 1996); however, there is

not Ohio EPA Warmwater Habitat Water Quality Criteria. Suter and Mabrey (1994)

have estimated acute and chronic advisory levels for vanadium to be 28.4 and
19.1 .tg/L, respectively. The lowest chronic values of vanadium reported in the

literature for fish and Daphnia are 80 pig/L and greater than 940 xg/L, respectively

(Suter and Mabrey, 1994). The test EC20 for fish can be used as a benchmark
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indicative of production within a population. It is the highest tested concentration of

vanadium causing less than 20 percent reduction in either the weight of young fish per

initial female fish in a life cycle or partial life-cycle test or the weight of young per egg

in an early life-stage test (Suter and Mabrey, 1994). The value for vanadium is

41 gg/L (Suter and Mabrey, 1994). A similar value can be determined for daphnids,

which reflects the highest tested concentration of vanadium causing less than 20 percent

reduction in the product of growth, fecundity, and survivorship in a chronic test with a

daphnid species. The EC20 benchmark for daphnids is 430 .tg/L (Suter and Mabrey,

1994). )
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VINYL CHLORIDE

Human Health Effects

Vinyl chloride is a volatile, colorless gas which is soluble both in water and organic

solvents. It was of little toxicological interest until 1974, when it was first associated

with human carcinogenic effects. The available toxicological information has been

summarized by Torkelson and Rowe (1981), EPA (1984), Williams and Weisburger

(1986), NLM (1996) and ATSDR (1988)

)
In air, the primary fate mechanism is photocheimcal breakdown, with an estimated half-

life of 1.2 to 1.8 days. Vinyl chloride in water and surface soil quickly volatilizes and

does not redeposit. It does not adsorb strongly to soil or sediment and is highly mobile

in soil and can leach into groundwater. Once vinyl chloride reaches ground water, the

degradation is relatively slow. The EPA has estimated a half-life range of eight weeks

to 96 months for vinyl chloride in ground water.

The absorption rate of vinyl chloride by inhalation is 42 percent. It is virtually

completely absorbed following ingestion, but dermal absorption is negligible. Vinyl
chloride is concentrated in the liver and kidney. Vinyl chloride is oxidized in the liver

to an epoxide and other reactive intermediates, which react further. These

intermediates are generally believed to be the active chemical species for the specific

toxic effects of vinyl chloride. Excretion is primarily in the urine as conjugates of

metabolites with sulfur-containing compounds. Very small amounts are exhaled

unchanged.

Vinyl chloride exhibits both acute and chronic effects. Large single doses of vinyl

chloride produce central nervous system depression. Early studies of its anesthetic

potential found cardiac and circulatory disturbances. Repeated low does in workers

produce a syndrome called "vinyl chloride disease" which is characterized by

acroosteolysis, also known as Raynaud '5 phenomenon, (scleroderma-like skin changes

and x-ray evidence of bone destruction of the distal finger bones); lung toxicity;
thrombocytopenia; and liver toxicity. Chromosomal abnormalities are reported in

workers, also. Liver toxicity appears at the lowest doses.
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Several human epidemiologic studies have found evidence of the carcinogenicity of this

compound by inhalation exposure, including tumors in the liver, central nervous

system, digestive tract, respiratory tract, and lymph and hematopoietic system. The
EPA has, therefore, classified vinyl chloride as a Group A, known human carcinogen.

There have been reports of reproductive toxicity in exposed workers, but no adverse

effects have been seen in animal studies except at high doses that produce non-specific

toxic effects. Epidemiological studies in the neighborhoods of vinyl chloride plants

have been inconclusive.

)
Ecological Effects

There are no data on the aquatic toxicity of vinyl chloride. It high volatility, low
aquatic bioconcentration factor, and low half-life in water, greatly decreases the

possibility of any adverse effects.
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ZINC

Human Health Effects

Zinc is a nutritionally required trace element. Estimates of the efficiency of GI
absorption of zinc in animals range from <10 to 90 percent (Elinder, 1986). Estimates

in normal humans range from approximately 20 to 77 percent (Elinder, 1986; Goyer,

1991). The net absorption of zinc appears to be homeostatically controlled, but it is

unclear whether UI absorption, intestinal secretion, or both are regulated. Distribution

of absorbed zinc is primarily to the liver (Goyer, 1991), with subsequent redistribption

to bone, muscle, and kidney (Elinder, 1986). Highest tissue concentrations are found

in the prostate. Excretion appears to be principally through the feces, in part from

biiary secretion, but the relative importance of fecal and urinary excretion is species-

dependent. The half-life of zinc absorbed from the CI tracts of humans in normal zinc

homeostasis is approximately 162 to 500 days.

Humans exposed to high concentrations of aerosols of zinc compounds may experience

sever pulmonary damage and death (Elinder, 1986). The usual occupational exposure
is to freshly formed fumes of zinc, which can induce a reversible syndrome known as

metal fume fever. Orally, zinc exhibits a low order of acute toxicity. Animals dosed

with 100 times dietary requirement showed no evidence of toxicity (Goyer, 1991). In

humans, acute poisoning from foods or beverages prepared in galvanized containers is

characterized by 01 upset (Elinder, 1986). Chronic oral toxicity in animals is

associated with poor growth, GI inflammation, arthritis, lameness, and a microcytic,

hypochromic anemia (Elinder, 1986), possibly secondary to copper deficiency
(Underwood, 1977). The EPA (1996) presented a verified RID of 0.3 mg/kg/day for

chronic oral exposure to zinc, based on anemia in humans.

The EPA (1995) classifies zinc in cancer weight-of-evidence Group D (not classifiable

as to carcinogenicity to humans) based on inadequate evidence for carcinogenicity in

humans and animals. The human data consist largely of occupational exposure studies

not designed to detect a carcinogenic response, and of reports that prostatic zinc
concentrations were lower in cancerous than in noncancerous tissue. The animal data

consist of several dietary, drinking water, and zinc injection studies, none of which

provided convincing data for a carcinogenic response.
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Ecological Effects

Background concentrations of zinc in terrestrial plants range from 25 to 150 mg/kg (dry
weight) (NAS, 1979). The deficiency content of zinc in plants is between 10 and 20

ppm (dry weight) (Kabata-Pendias and Pendias, 1992). Fungi tend to contain higher
concentrations of zinc than lichens, mosses, and vascular plants (Kabata-Pendias and

Pendias, 1992). Roots often contain the highest concentrations of zinc (Kabata-Pendias

and Pendias, 1992).

Certain species of plants, particularly those from the families Caryophyllayeae,
Cyperaceae, and Plumbaginaceae, and some tree species are extremely tolerant to

elevated zinc concentration and thereby serve as good indicators of zinc-contaminated

environments (Kabata-Pendias and Pendias, 1992). Concentrations of zinc in these

plants may reach 1 percent (dry weight) in the plant. Concentrations in leaf tissue that

are excessive or toxic to various plant species, with the exclusion of very sensitive and

highly tolerant species, range from 100 to 400 mg/kg (dry weight) (Kabata-Pendias and

Pendias, 1992). Concentrations of 100 to 500 mg/kg (dry weight) are expected to

result in a 10 percent loss in crop yield (Kabata-Pendias and Pendias, 1992). A soil

concentration of 50 mg/kg (dry weight) has been proposed by Will and Suter (1994) as

a benchmark screening value for phytotoxicity. General symptoms of zinc toxicity in

plants include the presence of chlorotic and necrotic leaf tips, interveinal chlorosis in

new leaves, retarded growth of the entire plant, and injured roots that resemble barbed

wire (Kabata-Pendias and Pendias, 1992).

Zinc is an essential trace element for animal life. Background concentrations of zinc in

mammals and birds are usually less than 210 mg/kg (dry weight). The concentration of

zinc in an animal can be influenced by the animal s age, gender, and season. Elevated

levels of zinc have been measured in birds and mammals collected near zinc smelters

(Beyer, 1988, as cited in Eisler, 1993; Beyer et al., 1985).

Animals are quite tolerant to high concentrations of zinc in the diet. Levels 100 times

that required in the diet usually do not cause detectable symptoms of toxicosis (NAS,

1979). Examples of extrapolated NOAELs for chronic exposure of various mammalian

wildlife species to zinc oxide based on an estimated rat NOAEL of 160 mg/kg/d are

399 mg/kg/d for the white-footed mouse, 107 mg/kg/d cottontail rabbit, and
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68.9 mg/kg/d for the red fox (Opresko et al., 1994). Drinking-water NOAELs for

these species are 1,329, 1,102, and 816 mg/L, respectively (Opresko et a!., 1994).
Adverse effects were noted in laboratory mice and rats exposed to zinc in drinking

water at concentrations of 300 mg/L (chronic exposure) and 800 mg/L (acute

exposure), respectively (USPHS, 1989). Guinea pigs (Cavia pp.) experienced
difficulty in breathing after exposed to zinc concentrations of 0.8 mg/rn3 for one hour

(USPHS, 1989). Symptorns of zinc poisoning in mammals include lameness, acute

diarrhea, and vorniting (Eisler, 1993).

)
With reference to birds, dietary zinc concentrations of greater than 2,000 mg/kg diet

are known to result in reduced growth of domestic poultry and wild birds (Eisler,

1993). Reduced survival has been documented at zinc concentrations greater than

3,000 mg/kg diet or at a single oral dose of greater than 742 mg/kg body weight
(Eisler, 1993). Examples of extrapolated NOAELs for chronic exposure of various

avian wildlife species to zinc carbonate (based on an estimated NOAEL of 3 mg/kg/L

for a mallard) are 2.25 mg/kg/d for the great blue heron and 2.89 mg/kg/d for the red-

tailed hawk (Opresko et al, 1994). A value of 51 mg/L has been calculated as the

NOAEL for chronic exposure of birds to zinc carbonate in drinking water (Opresko

et al., 1994). Diarrhea and leg paralysis have been noted in mallards exposed to toxic

concentrations of zinc (Gasaway and Buss, 1972).

Background concentrations of zinc in fish tissue are usually less than 700 mg/kg (dry

weight). Zinc concentrations are often higher in fish collected near urban areas
(Peterson et al., 1989). Concentrations of zinc in aquatic vertebrates can be modified

by diet, age, and the reproductive state of the animal (Eisler, 1993). Molluscs tend to

bioconcentrate zinc. Molluscs, crustaceans, and aquatic annelids have the ability to

store zinc within their bodies. Bioconcentration factors for zinc range from 107 to

1,130 for freshwater insects and from 51 to 432 for freshwater fish (EPA, 1980, as

cited in Eisler, 1993). The half-life of zinc in whole mosquitofish (Gambusia affinis)

has been estimated to be 215 days (Newman and Mitz, 1988).

The bioavailability and toxicity of zinc to aquatic organisms is greatest under the

conditions of low pH, low alkalinity, low dissolved oxygen, and elevated temperatures

(Weatherley et al, 1980). Decreased water hardness can also increase the toxicity of
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zinc to aquatic biota. Freshwater insects and crustaceans are, in general, relatively

tolerant to zinc (Eisler, 1993). Elevated levels of zinc have been shown to be

teratogenic to frogs and fish (Eisler, 1993).

The EPA's National Ambient Water Quality Criteria for zinc in freshwater is 120 gigiL

for acute exposure and 110 j.xg/L for chronic exposure of aquatic life to zinc (based on a

water hardness of 100 mg/L) (EPA, 1996). Because the toxicity of zinc to aquatic

organisms is affected by water hardness, all water-quality criteria must be adjusted with

site-specific water hardness data. The Ohio EPA Warmwater Habitat Water Q9ality

Criteria for zinc is 0.059 mg/L. The lowest chronic values of zinc reported in the

literature for fish and Daphnia are 36.41 and 46.73 p.gIL, respectively (SuteT and

Mabrey, 1994). The test EC20 for fish can be used as a benchmark indicative of

production within a population. It is the highest tested concentration causing less than

20 percent reduction in the weight of young fish per initial female fish in a life cycle or

partial life-cycle test or the weight of young per egg in an early life-stage test (Suter
and Mabrey, 1994). This value is 47 j.tg/L for zinc (Suter and Mabrey, 1994).

B-134



liP 331

REFERENCES

Beyer, W. N., 1988, "Damage to the Forest Ecosystem on Blue Mountain from Zinc
Smelting," in D. D. Flemphill, ed. Trace Substances in Environment Health—XXJJ: A
Symposium, University of Missouri Press, Columbia, pp. 249—262.

Beyer, W. N., 0. H. Pattee, L. Sileo, D. J. Hoffman, and B. M. Mulhern, 1985,
"Metal Contamination in Wildlife Living Near Two Zinc Smelters," Environmental
Pollution Vol. 38A, pp. 63—86.

Eisler, R., 1993, "Zinc Hazards to Fish, Wildlife, and Invertebrates: A Synpptic
Review," U.S. Fish and Wildlife Service Contaminant Hazard Review, Report No. 26,
U.S. Department of the Interior, Washington, D.C.

Elinder, C. G., 1986, Zinc, Handbook on the Toxicology of Metals, L. Friberg, G. F.
Nordberg, and V. B. Vouk, eds., Vol. II, 2nd ed., Elsevier Science Publishers B .V.,
New York, pp. 664-679.

Gasaway, W. C., and I. 0. Buss, 1972, "Zinc Toxicity in the Mallard Duck," Journal
of Wild4fe Management, Vol. 36, pp. 1107-1117.

Goyer, R. A., 1991, Toxic Effects of Metals, Casarett and Doull's Toxicology, the
Basic Science of Poisons, M. 0. Amdur, J. Doull, and C. D. Klaassen, eds., 4th ed.,
Pergamon Press, New York.

Kabata—Pendias, A., and H. Pendias, 1992, Trace Elements in Soils and Plants, 2nd
ed., CRC Press, Boca Raton, Florida, 365 pp.

National Academy of Sciences (NAS), 1979, Zinc, University Press, Baltimore,
Maryland, 471 pp.

Newman, M. C., and S. V. Mitz, 1988, "Size Dependence of Zinc Elimination and
Uptake from Water by Mosquitofish (Gambusia affinis)," (Baird and Girard), Aquatic
Toxicology, Vol. 12, pp. 17-3 1.

Opresko, D. M., B. E. Sample, and G. W. Suter, 1994, "Toxicological Benchmarks
for Wildlife: 1994 Revision," ES/ER/TA'f-86/R1, Oak Ridge National Laboratory, Oak
Ridge, Tennessee.

Peterson, R. H., A. Sreedharan, and S. Ray, 1989, "Accumulation of Trace Metals in
Three Species of Fish from Lakes in New Brunswick and Nova Scotia (Canada):
Influence of pH and Other Chemical Parameters," Water Pollution Research Journal of
Canada, Vol. 24, Canada, pp. 101—117.

B-135



710 338

Suter, 0. W., II, and J. B. Mabrey, 1994, "Toxicological Benchmarks for Screening of
Potential Contaminants of Concern for Effects on Aquatic Biota: 1994 Revision,"
ES/ERJTM-96/R1, Oak Ridge National Laboratory, Oak Ridge, Tennessee.

Underwood, E. J., 1977, Trace Elements in Human and Animal Nutrition. Fourth
Edition. New York: Academic Press.

U.S. Environmental Protection Agency (EPA), 1996, Integrated Risk Information
System (IRIS). Office of Health and Environmental Assessment, Washington, DC.

U.S. Environmental Protection Agency (EPA), 1995, Health Effects Assessjnent
Summary Tables. Annual Update FY 1995, including Supplements. Prepared by the
Environmental Criteria and Assessment Office, Cincinnati, OH, for the Office of
Emergency and Remedial Response, Washington, DC.

U.S. Environmental Protection Agency (EPA), 1980, "Ambient Water Quality Criteria
for Zinc," Report 440/5-87-003, U.S. Environmental Protection Agency, Washington,
D.C., 2O'7pp.

U.S. Public Health Service (USPHS), 1989, 'Toxicological Profile for Zinc," U.S.
Public Health Service, Agency for Toxic Substances and Disease Registry, Atlanta,
Georgia, 121 pp.

Weatherley, A. H., P. S. Lake, and S. C. Rogers, 1980, "Zinc Pollution and the
Ecology of the Freshwater Environment," in J. 0. Nriagu, ed., Zinc in the
Environment. Part I, Ecological Cycling, John Wiley, New York, New York, pp.
337—417.

Will, M. E., and G. W. Suter II, 1994, "Toxicological Benchmarks for Screening
Potential Contaminants of Concern for Effects on Terrestrial Plants: 1994 Revision,"
ES/ER/TM-85/R1, Oak Ridge National Laboratory, Oak Ridge, Tennessee.

B-136



/9PPEAIbV U

710 339



Appendix C

Risk and Hazard Calculations

710 340



Appendix C-i

Unit Risk and Unit Hazard Calculations

710 341



T
ab

le
 C

.1
 

U
ni

t R
is

k 
an

d 
U

ni
t 

H
az

ar
d 

C
al

cu
la

tio
ns

 
R

M
E

 C
on

st
ru

ct
io

n W
or

ke
r 

N
on

ca
nc

er
 U

ni
t 

R
is

k 
fr

om
 E

xp
os

ur
e 

to
 U

ni
t 

C
on

ce
nt

ra
tio

ns
 o

f C
O

P
C

s 
(m

g!
L)

 in
 G

ro
un

dw
at

er
 . 

F
 D

eI
Iv

.r
ab

le
sF

C
E

E
'D

O
36

U
is

k 
A

ss
.s

sm
en

(T
ab

I._
C

l&
C

4 
,d

s 
C

1 
H

oG
eo

Lr
4c

. 
In

c.
 1

11
0/

01
 

-J
 

C
 

C
.)

 

P
S

 



F
 lD

et
h¼

F
cE

B
oo

3e
R

Is
k 

A
ss

eu
m

en
flT

ab
Ie

.C
1&

C
4_

R
E

V
2 

xi
s 

-i I-
 0-
 

F
IY

dr
o&

•I
 11

10
10

1 

T
ab

le
 C

.1
 (

co
nt

in
ue

d)
 

U
ni

t R
is

k 
an

d 
U

ni
t 

H
az

ar
d 

C
al

cu
la

tio
ns

 
R

M
E

 C
on

st
ru

ct
io

n 
W

or
ke

r 
N

on
ca

nc
er

 U
ni

t 
R

is
k 

fr
om

 E
xp

os
ur

e 
to

 U
ni

t C
on

ce
nt

ra
tio

ns
 o

f C
O

P
C

s 
(m

gI
L)

 in
 G

ro
un

dw
at

er
 

.4
 Re

fe
re

nc
e 
D

os
es

i 
w

r' 
(k

gI
m

gL
j. 

,f<
c 

cB
as

lc
 In

fo
rm

at
io

n 
- 

-:
 

D
lre

ct
 E

xp
os

ur
e 

P
at

hw
ay

s 
ut

 

,p
rl

t 
2R

FD
 

W
at

e!
 

C
on

q.
 

;e
r:

 
k 

4(
In

gl
L)

; 
'D

er
m

al
 

In
ha

la
., 

1R
F

D
'2

1k
R

F
D

' 

A
in

ou
nt

' 
ln

do
st

od
 

!(
M

al
kg

ai
 

'ln
pe

st
1o

n 
D

er
m

al
A

so
rp

tlo
tfl

:3
 V

oI
at

lló
 

W
at

er
U

se
j2

i 
9 

Li
fe

tIm
e 

(u
nl

tIi
é)

. 

2 
A

m
ou

nt
 

A
bs

or
be

d 
Ll

fe
tIm

fl 

(u
nl

tld
ss

)t
 

0 
tA

zn
ou

nt
 

t(
m

ql
kg

-d
h 

5L
lfe

U
th

o 
t 1(

un
ltl

es
i) 

ce
to

ne
 

I O
E

-i 
1 

O
O

E
-i 

1.
O

E
+

O
O

 
1.

4E
-3

 
1 

4E
-2

 
7 

9E
-5

 
7 

9E
-4

 
liE

-I
 

C
ar

bo
n 

te
tr

ac
hl

on
de

 
7.

O
E

-4
 

7,
00

E
-4

 
1 

O
E

+
O

O
 

1 
4E

-3
 

2 
O

E
+

O
 

3 
3E

-3
 

4 
8E

+
O

 
liE

-i 
D

hl
or

ot
or

m
 

1 
O

E
-2

 
1 

O
O

E
-2

 
1 

O
E

÷
O

O
 

1.
4E

-3
 

I 4
E

-i 
i.4

E
-3

 
1.

4E
-i 

1 
1E

-1
 

)s
-1

,2
-D

ic
hl

or
oe

th
en

e 
1 

O
E

-2
 

1 
O

O
E

-2
 

1 
C

E
+

O
O

 
1 

4E
-3

 
i.4

E
-1

 
7 

3E
-4

 
7.

3E
-2

 
lIE

-i 
12

-D
ic

hi
or

oe
th

an
e 

I C
E

+
O

O
 

1 
4E

-3
 

74
E

-4
 

liE
-i 

1 
1-

D
ic

hl
or

oe
th

en
e 

9 
C

E
-3

 
9 

O
O

E
-3

 
1 

O
E

+
O

O
 

1 
4E

-3
 

1 
6E

-I
 

2 
3E

-3
 

2 
G

E
-I

 
liE

-i 
1,

2-
D

ic
hi

or
oe

th
en

e 
(T

ot
al

) 
9 

C
E

-3
 

9 
C

O
E

-3
 

i.O
E

+
O

O
 

1 
4E

-3
 

1 
6E

-l 
7 

3E
-4

 
8.

1E
-2

 
I 1

E
-1

 

1 
,2

-D
ic

hl
or

oe
th

en
e,

 
T

ra
ns

- 
2 

O
E

-2
 

2 
C

O
E

-2
 

1.
O

E
+

O
O

 
l.4

E
-3

 
7 

1 
E

-2
 

8.
1 

E
-4

 
4 

O
E

-2
 

liE
-I

 
B

en
ze

ne
 

1 
O

E
+

O
O

 
1.

4E
-3

 
3 

O
E

-3
 

1.
1E

-l 

E
th

yi
be

nz
en

e 
i.O

E
-l 

tO
O

E
-1

 
2.

9E
-1

 
1 

O
E

+
O

O
 

1.
4E

-3
 

I 4
E

-2
 

1 
C

E
-2

 
1 

C
E

-i 
i.1

E
-1

 
3 

7E
-i 

2-
H

ex
an

on
e 

1 
O

E
+

O
O

 
1 

4E
-3

 
6 

6E
-4

 

M
et

hy
l e

th
yl

 ke
to

ne
 

6 
O

E
-i 

6.
O

O
E

-1
 

2 
9E

-i 
I C

E
+

O
O

 
1 

4E
-3

 
2 

4E
-3

 
7.

O
E

-4
 

1 
2E

-3
 

liE
-i 

3.
7E

-I
 

t-
M

et
hy

l-2
-P

en
ta

no
ne

 
I O

E
+

O
O

 
1 
.4

E
-3

 
6 

9E
-5

 

M
et

hy
le

ne
 C

hl
on

de
 

6 
C

E
-2

 
6 

C
O

E
-2

 
8.

6E
-1

 
1 

O
E

+
O

O
 

1 
4E

-3
 

2 
4E

-2
 

6 
4E

-4
 

1.
1 

E
-2

 
1 

iE
-l 

i.2
E

-l 

M
,P

X
yi

en
e 

2.
O

E
+

O
 

20
0E

+
O

 
i.O

E
+

O
O

 
1 

4E
-3

 
7 

iE
-4

 
1 

IE
-2

 
56

E
-3

 
liE

-i 
1,

l,l
-T

nc
ho

ro
et

ha
ne

 
3 

5E
-2

 
3.

50
E

-2
 

2 
9E

-l 
1 

.O
E

+
O

O
 

I 4
E

-3
 

4 
1 
E

-2
 

2 
7E

-3
 

7 
6E

-2
 

liE
-I

 
3 

7E
-i 

le
tr

ac
hi

or
oe

th
en

e 
1 

O
E

-2
 

i.O
O

E
-2

 
1 

O
E

'-O
O

 
1 

4E
-3

 
1 
4E

-I
 

7.
9E

-3
 

7 
9E

-l 
liE

-i 
lo

lu
en

e 
2,

O
E

-1
 

2.
O

O
E

-i 
I.1

E
-l 

1 
O

E
+

O
O

 
i.4

E
-3

 
7 

1E
-3

 
64

E
-3

 
3.

2E
-2

 
I.1

E
-i 

94
E

-i 
ro

ta
l X

yt
en

es
 

2 
O

E
+

O
 

2.
O

O
E

+
O

 
1 

O
E

+
O

O
 

1 
4E

-3
 

7.
iE

-4
 

8 
8E

-3
 

4 
4E

-3
 

liE
-I

 
rn

ch
lo

ro
et

he
ne

 
1 

C
E

+
O

O
 

1 
.4

E
-3

 
2 

5E
-3

 
1 

1 
E

-i 

.'i
ny

l c
hl

or
id

e 
I.O

E
+

O
O

 
1 

4E
-3

 
i.O

E
-3

 
liE

-i 



T
ab

le
 C

.2
 

U
ni

t R
is

k 
an

d 
H

az
ar

d 
C

al
cu

la
tio

ns
 

R
M

E
 R

es
id

en
t A

du
lt 

C
an

ce
r U

ni
t 

R
is

k 
F

ro
m

 U
ni

t C
on

ce
nt

ra
tio

ns
 (

m
g/

L)
 o

f C
O

P
C

s 
In

 G
ro

un
dw

at
er

 

F
 \D

al
fr

e,
ab

IO
A

A
F

C
E

E
\0

03
6'

R
is

k 
M

sn
sm

on
tT

ab
Ie

_C
_f

lC
3 4

s 
C

-3
 

G
eI

c•
 n

c 
in

o,
vi

 

-I
 0 C

-)
 



F
 \D

eI
i 

¼
F

C
E

E
\D

O
36

'R
k 

A
sz

en
m

en
t\T

ab
Ie

_C
_2

&
C

3_
R

E
V

2 
ds

 

T
ab

le
 C

.2
 (

co
nt

in
ue

d)
 

U
ni

t 
R

is
k 

an
d 

H
az

ar
d 

C
al

cu
la

tio
ns

 
R

M
E

 R
es

id
en

t A
du

lt 
C

an
ce

r U
ni

t 
R

is
k 

F
ro

m
 U

ni
t C

on
ce

nt
ra

tio
ns

 (
m

gI
L)

 o
f C

O
P

C
s 

in
 G

ro
un

dw
at

er
 

o C
A

) 

C
' 

1/
10

10
1 

H
yd

ro
G

ec
 



T
ab

le
 C

.3
 

U
ni

t R
is

k 
an

d 
H

az
ar

d 
C

al
cu

la
tio

ns
 

R
M

E
 C

on
st

ru
ct

io
n W

or
ke

r C
an

ce
r U

ni
t R

is
k 

F
ro

m
 U

ni
t C

on
ce

nt
ra

tio
ns

 
(m

g/
L)

 o
f C

O
P

C
s 

in
 G

ro
un

dw
at

er
 

S
oi

l L
ea

ch
in

g 

B
as

ic
in

fo
at

io
n 

. 

tD
ep

ie
tio

n 
C

oe
ffI

ci
en

ts
?-

 
t2

Ph
ys

ic
ai

 D
at

a�
P

H
 

'D
er

m
aI

 U
pt

ak
eD

at
a 
.J

h?
 

;'B
io

-t
ra

ns
fe

r C
oe

ffi
ci

en
ts

 {a
}(

1 

2.
7E

-3
 

1 
7E

-3
 

H
on

ry
sg

<
 

-i 
La

w
 

on
st

an
t, 

4a
tm

-t
n3

lm
of

l 

M
ol

eà
 

W
ei

gh
 

(g
!M

) 

P
er

in
ea

b 

1C
on

st
an

t<
 

ifc
an

/h
)t

 

La
g 

T
im

e 
, 

T
A

O
 , 

(u
ni

tto
ss

) 

'°
? 

E
qu

iii
b ! )h
hr

 i;g
P

an
i 
' 

C
oe

fti
c 

?(
un

iti
ós

i) 

's
i A

bs
: 

'F
at

or
 

G
l' 

1u
ni

tie
ès

) 

so
ii4

 
>

 d
ro

p,
 

:¾
(u

ni
tie

ss
) 

ie
ac

h 
T

(1
lh

);
 

2.
1E

-5
 

58
08

 
5 

69
E

-4
 

2.
O

E
-1

 
4.

7E
-i

 
58

E
-5

 
i.O

E
+

0 
2 

27
E

+
0 

3.
8E

+
0 

5.
1E

-5
 

3 
O

E
-2

 
15

4.
00

 
2 

20
E

-2
 

7 
G

E
-i 

1 
.O

E
+

0 
6 

7E
-2

 
1 

O
E

+
0 

1.
20

E
+

0 

1 
8E

+
0 

1 
O

E
-4

 
3.

4E
-3

 
11

93
8 

8 
92

E
-3

 
4 

7E
-1

 
1 

1E
+

0 
9.

3E
-3

 
1 

O
E

+
0 

2.
27

E
+

0 

5 
9E

-l 
2 

8E
-4

 
7 

6E
-3

 
96

.9
4 

5.
30

E
-3

 
3 

4E
-1

 
8 

2E
-i 

1 
2E

-1
 

1 
O

E
+

0 
2.

27
E

+
0 

2.
4E

+
0 

8.
O

E
-5

 
9 

8E
-4

 
99

.0
0 

5 
30

E
-3

 
3.

5E
-1

 
8.

4E
-1

 
1 

2E
-1

 
1.

O
E

+
0 

2 
40

E
+

0 

5 
8E

-1
 

2.
9E

-4
 

3.
4E

-2
 

97
.0

0 
1 

60
E

-2
 

3.
4E

-i 
1.

4E
+

0 
3.

1E
-2

 
1.

O
E

+
0 

2 
27

E
+

0 

5.
9E

-1
 

2.
8E

-4
 

6.
6E

-3
 

96
.9

4 
5.

49
E

-3
 

3.
4E

-1
 

8.
2E

-1
 

3.
O

E
-3

 
1 

O
E

+
0 

2.
27

E
+

0 

2,
6E

+
0 

7.
3E

-5
 

5.
6E

-3
 

78
11

 
2 

1O
E

-3
 

2.
6E

-1
 

6.
3E

-1
 

i.3
E

-2
 

1.
O

E
+

0 
2.

27
E

+
0 

2.
7E

+
i 

7.
3E

-6
 

8.
S

E
-3

 
10

61
7 

7 
40

E
-3

 
3.

9E
-i 

1 
3E

+
0 

i.4
E

-i 
1 

O
E

+
0 

5 
88

E
-l 

1.
2E

-i 
8 

5E
-4

 
10

0.
16

 
4 

45
E

-3
 

3 
G

E
-i 

8 
6E

-1
 

2.
4E

-3
 

i.O
E

+
0 

2.
27

E
+

0 

l.I
E

-2
 

1 
6E

-3
 

2.
7E

-5
 

72
00

 
5.

O
O

E
-3

 
2 

4E
-i 

5.
8E

-i 
1 

9E
-4

 
tO

E
+

0 
2 

27
E

+
0 

3.
B

E
-i 

4.
O

E
-4

 
10

0.
16

 
4.

67
E

-4
 

3.
6E

-i 
8.

6E
-i 

i.O
E

-4
 

i.O
E

+
0 

2.
27

E
+

0 

8.
S

E
-2

 
i.O

E
-3

 
3.

2E
-3

 
84

93
 

4.
46

E
-3

 
2.

9E
-1

 
6.

9E
-i 

i.8
E

-3
 

1 
O

E
+

0 
2 

27
E

+
0 

2 
4E

+
0 

7 
9E

-5
 

7 
2E

-3
 

10
6.

16
 

8.
O

O
E

-2
 

3.
9E

-1
 

i.4
E

+
0 

1 
G

E
-i 

1 
O

E
+

0 
6 
liE

-I
 

5.
7E

+
0 

2.
6E

-5
 

1 
7E

-2
 

13
3.

00
 

i.7
0E

-2
 

5.
7E

-i 
1 

4E
+

0 
3.

iE
-2

 
l.O

E
+

0 
1.

45
E

+
0 

6 
5E

+
0 

3 
C

E
-S

 
1 

.B
E

-2
 

16
5.

83
 

4 
80

E
-2

 
9 

O
E

-i 
4.

3E
+

0 
2 

S
E

-i 
i .O

E
+

0 
4.

20
E

-i 

9.
4E

+
0 

2.
1E

-5
 

6 
6E

-3
 

92
.1

4 
4.

50
E

-2
 

3.
2E

-i 
7.

7E
-i 

5.
4E

-i 
i.O

E
+

0 
1.

02
E

+
0 

2.
iE

+
i 

t4
E

-6
 

7.
O

E
-3

 
10

61
6 

6 
i8

E
-2

 
3 

9E
-i 

1.
O

E
+

0 
1 

iE
-1

 
i.O

E
+

0 
6.

77
E

-i 

6 
5E

+
0 

3.
O

E
-5

 
I O

E
-2

 
ia

i.3
9 

i.6
0E

-2
 

5 
S

E
-I

 
i.3

E
+

0 
2.

5E
-2

 
i.O

E
+

0 
1.

59
E

+
O

 

7.
6E

+
0 

2.
6E

-5
 

i.i
E

-2
 

62
.5

0 
7.

30
E

-3
 

2.
iE

-1
 

5.
iE

-1
 

2.
3E

-3
 

i.O
E

+
0 

6.
34

E
+

0 

F 
ID

.I
Iv

ef
ab

Ie
st

A
FC

E
B

D
O

ae
W

JS
IC

 M
se

sw
ne

nf
ff

ab
k_

C
2&

C
3 
,js

 
C

5 
ly

dr
oG

eo
t.o

gi
c,

 In
 11

10
10

1 

-J
 

'C
A

) 



T
ab

le
 C

.3
 (

co
nt

in
ue

d)
 

U
ni

t 
R

is
k 

an
d 

H
az

ar
d 

C
al

cu
la

tio
ns

 
R

M
E

 C
on

st
ru

ct
io

n W
or

ke
r C

an
ce

r 
U

ni
t 

R
is

k 
F

ro
m

 U
ni

t C
on

ce
nt

ra
tio

ns
 (m

g!
L)

 o
f C

O
P

C
s 

in
 G

ro
un

dw
at

er
 

C
a3

 

&
 

-J
 

F
 D

eI
 

FC
E

E
1D

O
3Q

R
Is

k 
A

ue
w

ne
nI

\T
hb

ls
_Q

21
C

3_
R

E
V

2 x
is

 

H
Y

dr
06

0•
 lIl

01
 

-J
 0 

I U
, 

c 
'c

' 
-2

44
*Z

C
hi

ilè
ai

 n
am

en
S

 

<
B

as
ic

 ln
fo

rm
at

io
nt

i&
.. 

g'
 Di

re
ct

 E
xp

os
ur

e 
P

at
hw

ay
sC

4 't 
ca

nc
er

 P
ot

en
cy

ra
ct

or
s 

W
at

er
4 

)t
on

c 
(m

g!
L)

 

W
at

er
U

se
 

+
.'t

"(
r-

kg
.d

!m
g)

 tt
 'r

 
, 

In
ge

st
io

n 
1,

 
D

er
nt

al
 A

so
rp

tlo
n'

 
4A

V
ol

at
ile

 In
ha

la
tio

n 
A

m
ou

nt
: 

ir9
ei

te
d 

.(
m

g!
kg

-d
)-

 

'L
ife

tim
o 

R
1Ô

IS
'r 

fl
lL

C
R

) g
 

A
m

ou
nt

 
A

1f
sf

fó
rb

d 

$(
m

gI
kg

-d
) 

IJ
fe

tim
&

 

'-(
iL

C
R

flç
 ;A

an
du

nt
 

M
hl

e 
(t

hI
kg

) tU
fe

tim
e:

 
'R

is
ki

 
t4

(I
L

C
R

) 

:O
ra

l 
a4

 
F

ac
td

r?
 

D
en

na
l 

LS
io

pe
S

' 
A

F
ac

to
r in

ha
ia

: 
Ø

ip
 

F
ac

td
rA

 
IO

LA
T

IL
E

 O
R

G
A

N
IC

 
C

H
E

M
Ic

A
LS

 
\c

et
on

e 
1.

O
E

+
O

O
 

1.
4E

-5
 

7.
7E

-7
 

1.
C

E
-3

 

C
ar

bo
n 

te
tr

ac
hi

on
de

 
1.

30
E

-1
 

I 3
0E

-I
 

5.
30

E
-2

 
1.

O
E

+
O

O
 

1.
4E

-5
 

1 
8E

-6
 

3 
7E

-5
 

4.
8E

-6
 

¶ 
O

E
-3

 
5 

6E
-5

 

C
hl

or
of

or
m

 
6 

1O
E

-3
 

6 
1C

E
-3

 
1.

O
E

+
O

O
 

1 
4E

-5
 

8.
5E

8 
1.

3E
5 

6.
2E

8 
¶.

0E
3 

C
is

-1
.2

-D
ic

hl
or

oe
th

en
e 

I O
E

+
O

O
 

1 
4E

-5
 

7 
2E

-6
 

l.O
E

-3
 

12
-D

ic
hi

or
oe

th
an

e 
9.

1O
E

-2
 

9 
1O

E
-2

 
9.

1O
E

-2
 

1 
C

E
+

C
O

 
1.

4E
-5

 
1 

3E
-6

 
7.

2E
-6

 
6 

6E
-7

 
1 

O
E

-3
 

9 
5E

-5
 

1,
1-

D
ic

hi
or

oe
th

en
e 

60
0E

-1
 

60
0E

-1
 

1.
80

E
-1

 
1.

O
E

+
O

O
 

I 4
E

-5
 

8.
4E

-6
 

2.
3E

-5
 

1 
4E

-5
 

1.
O

E
-3

 
1 

Q
E

-4
 

1,
2-

D
ic

hi
or

oe
th

en
e,

 
T

ra
ns

- 
1 

O
E

+
O

O
 

¶.
4E

-5
 

7 
9E

-6
 

1 
C

E
-3

 

B
en

ze
ne

 
2 

Q
C

E
-2

 
2.

90
E

-2
 

2 
90

E
-2

 
I M

E
+

O
O

 
I .4

E
-5

 
4 

1 
E

-7
 

2.
9E

-6
 

8.
4E

-8
 

1 
O

E
-3

 
3.

O
E

-5
 

E
th

)I
be

nz
en

e 
I .O

E
+

O
O

 
1 
.4

E
-5

 
1 

C
E

-S
 

1 
O

E
-3

 

a-
H

ex
an

on
e 

1.
O

E
+

O
O

 
1 

4E
-5

 
6.

5E
-6

 

M
et

hy
l e

th
yl

 k
et

on
e 

1.
O

E
+

O
O

 
1 

4E
-5

 
6 

9E
-6

 
1.

O
E

-3
 

I-
M

et
hy

l-2
-P

en
ta

no
ne

 
1 

C
E

+
C

O
 

1 
.4

E
-5

 
6B

E
-7

 

M
et

hy
le

ne
 C

hl
or

id
e 

L5
O

E
-3

 
7.

50
E

-3
 

1.
60

E
-3

 
1O

E
+

O
O

 
1 

4E
-5

 
1.

O
E

-7
 

6.
3E

-6
 

4 
7E

-8
 

1.
O

E
-3

 
1.

7E
-6

 

M
,P

xy
le

ne
 

1.
O

E
+

O
O

 
¶.

4E
-5

 
1.

IE
-4

 
1 

O
E

-3
 

1,
l,l

-T
nc

hl
or

oe
th

an
e 

l.O
E

+
O

O
 

1.
4E

-5
 

2.
7E

-S
 

1.
O

E
-3

 

re
tr

ac
hi

or
oe

th
en

e 
5.

20
E

-2
 

5 
20

E
-2

 
2O

O
E

-3
 

l.O
E

+
O

O
 

1.
4E

-5
 

7.
3E

-7
 

7.
7E

-5
 

4.
O

E
-6

 
I O

E
-3

 
2.

1E
-8

 

lo
lu

en
e 

1.
O

E
+

O
O

 
1 

4E
-5

 
5 

1E
-5

 
¶.

O
E

-3
 

lo
ta

l X
yl

en
es

 
1.

O
E

+
O

O
 

1 
4E

-5
 

8 
6E

-5
 

I.O
E

-3
 

Ir
ic

hi
or

oe
th

en
e 

¶.
IO

E
-2

 
1.

1O
E

-2
 

6.
O

O
E

-3
 

1.
O

E
+

O
O

 
1.

4E
-5

 
1 

S
E

-i 
2.

5E
-5

 
2.

7E
-7

 
l.O

E
-3

 
6.

3E
-6

 

Ji
ny

i c
hl

or
id

e 
1.

S
O

E
+

O
 

1 
90

E
+

O
 

3.
O

O
E

-1
 

1 
O

E
+

O
O

 
1.

4E
-5

 
2 

7E
-5

 
9.

9E
-6

 
1.

9E
-5

 
1.

O
E

-3
 

3.
IE

-4
 



T
ab

ie
 C

.4
 

U
ni

t 
R

is
k 

an
d 

U
ni

t H
az

ar
d 

C
al

cu
la

tio
ns

 
R

M
E

 R
es

id
en

t C
hi

ld
 N

on
ca

nc
er

 U
ni

t 
R

is
k 

fr
om

 E
xp

os
ur

e 
to

 U
ni

t C
on

ce
nt

ra
tio

ns
 of

 C
O

P
C

s 
(m

g/
L)

 in
 G

ro
un

dw
at

er
 

F4
D

el
I.

er
ab

le
SW

C
E

E
'D

O
36

R
Js

k A
ss

es
sn

,e
nf

tla
bM

_C
1&

C
4j

ds
 

C
7 

H
tr

oG
eo

L.
og

l; I
nc

. Il
l O

dU
l 

-1
 

I—
 0 C

O
 a 

C
' 



T
ab

le
 C

.4
 (

co
nt

in
ue

d)
 

U
ni

t R
is

k 
an

d 
U

ni
t 

H
az

ar
d 

C
al

cu
la

tio
ns

 

R
M

E
 R

es
id

en
t 

C
hi

ld
 N

on
ca

nc
er

 U
ni

t R
is

k 
fr

om
 E

xp
os

ur
e 

to
 U

ni
t C

on
ce

nt
ra

tio
ns

 of
 C

O
P

C
s 

(m
gi

L)
 in

 G
ro

un
dw

at
er

 

A
s,

.s
sm

en
ft

1a
bt

C
l&

C
4_

R
E

V
2 

H
yd

ro
G

ec
 1/1

0/
01

 

IiL
ç 
i 

1'
%

 ?
�k

A
ft$

tj3
 

1t
4°

 

jB
as

lc
ln

fo
rm

at
lo

n'
--

 
t-

 

R
ef

er
en

ce
 D

os
es

 

h.
 (

g4
!m

g)
kC

 
-t

 

O
ra

lj 
D

er
m

aI
 ln

ha
ia

' 
R

F
D

 R
F

D
 R

F
D

 

' 
W

at
er

 

'C
on

c 
(m

gL
) 

H
ou

se
hø

ld
 W

at
er

 u
se

 
t 

In
ge

st
io

n 
D

er
m

aV
A

so
rp

tto
n1

Y
 

'?
V

ol
at

ile
 In

ha
la

tio
n 

A
m

ou
nt

 4
 

..I
ng

es
te

d1
" 

1(
m

gg
)t

 ,L
ife

tim
e 

kA
a 

(u
nl

tii
s)

t 

A
m

ou
nt

: 
A

bs
or

ed
 

(m
g&

g 

\4
Ll

fe
tlm

e 

j L
H

Ô
 

(u
nI

U
ss

)V
 A

m
ou

nt
 

ita
ie

4 
Li

fe
tlm

e 
jL

ttt
1Q

 
(ü

hi
fle

ss
) 

/O
LA

T
IL

E
 O

R
G

A
N

IC
 
C

H
E

M
IC

A
LS

 
.c

et
on

e 
1 

.O
E

-i 
1 

O
D

E
-i 

1 
O

E
+

O
O

 
6 

4E
-2

 
6 

4E
-1

 
4.

O
E

-4
 

4.
O

E
-3

 
3.

2E
-i 

C
ar

bo
n 

te
tr

ac
hi

on
de

 
7 

O
E

-4
 

7.
O

O
E

-4
 

1 
O

E
+

O
O

 
6.

4E
-2

 
9.

1E
+

1 
3 

O
E

-2
 

4.
3E

+
1 

3 
2E

-1
 

C
hl

or
of

or
m

 
i.O

E
-2

 
I O

O
E

-2
 

1 
O

E
+

O
O

 
6 

4E
-2

 
6.

4E
+

O
 

9.
7E

-3
 

9.
7E

-i 
3.

2E
-i 

us
-i 

,2
-D

ic
hl

or
oe

th
en

e 
1 

.O
E

-2
 

1 
O

O
E

-2
 

1 
O

E
+

O
O

 
6 

4E
-2

 
6.

4E
+

O
 

4 
9E

-3
 

4.
9E

-1
 

3 
2E

-1
 

1,
2-

D
ic

hl
or

oe
th

an
e 

1 
O

E
+

O
O

 
6 

4E
-2

 
5 

O
E

-3
 

3.
2E

-i 

i,i
-D

ic
ht

or
oe

th
en

e 
9.

O
E

-3
 

9.
O

O
E

-3
 

1.
O

E
+

O
O

 
6 

4E
-2

 
7.

1E
+

O
 

i.5
E

-2
 

1 
6E

+
O

 
3.

2E
-i 

i,2
-D

ic
hl

or
oe

th
en

e 
(T

ot
al

) 
9.

O
E

-3
 

9 
O

O
E

-3
 

1 
O

E
+

O
O

 
6 

4E
-2

 
7.

IE
+

O
 

4.
9E

-3
 

5.
5E

-i 
3 

2E
-i 

1 
,2

-D
ic

hl
or

oe
th

en
e,

 T
ra

ns
- 

2 
O

E
-2

 
2.

O
O

E
-2

 
1 

O
E

+
O

O
 

6 
4E

-2
 

3 
2E

+
O

 
5.

IE
-3

 
25

E
-1

 
3 

2E
-l 

B
en

ze
ne

 
3.

O
E

-3
 

3.
O

O
E

-3
 

i.7
E

-3
 

1 
O

E
+

O
O

 
64

E
-2

 
2.

iE
-"

i 
1 

7E
-2

 
5.

7E
+

O
 

32
E

-1
 

1 
S

E
+

2 

E
th

yl
be

nz
en

e 
i.O

E
-i 

i.O
O

E
-i 

2.
9E

-i 
i.O

E
+

O
O

 
64

E
-2

 
64

E
-i 

7.
3E

-2
 

7.
3E

-i 
3.

2E
-i 

i.1
E

+
O

 

2-
H

ex
an

on
e 

1 
O

E
+

O
O

 
6 

4E
-2

 
4.

2E
-3

 

M
et

hy
l e

th
yl

 k
et

on
e 

6.
O

E
-1

 
6 

O
O

E
-i 

2.
9E

-i 
1 

.O
E

+
O

O
 

6.
4E

-2
 

1.
1 

E
-1

 
3 

9E
-3

 
6.

5E
-3

 
3.

2E
-1

 
1 

.1
E

+
O

 

kM
et

hy
l-2

-P
en

ta
no

ne
 

1 
O

E
+

O
O

 
6 

4E
-2

 
4,

4E
-4

 

M
et

hy
le

ne
 C

hl
on

de
 

6.
O

E
-2

 
6.

O
O

E
-2

 
8 

6E
-1

 
1 

.O
E

+
O

O
 

6 
4E

-2
 

1.
1 

E
+

O
 

3.
8E

-3
 

6 
4E

-2
 

3.
2E

-i 
3.

7E
-1

 

M
,P

 X
yt

en
e 

2.
O

E
+

O
 

2.
O

O
E

+
O

 
I O

E
+

O
O

 
6 

4E
-2

 
3.

2E
-2

 
7.

9E
-2

 
4.

O
E

-2
 

3.
2E

-1
 

1,
1 

,i-
T

nc
ho

ro
et

ha
ne

 
3 

S
E

-2
 

3.
50

E
-2

 
2.

9E
-i 

I .O
E

+
O

O
 

6 
4E

-2
 

1 
8E

+
O

 
2 

O
E

-2
 

5.
8E

-1
 

3.
2E

-1
 

1 
.iE

+
O

 

re
tr

ac
hl

or
oe

th
en

e 
1 

.O
E

-2
 

I .O
O

E
-2

 
1 

.O
E

+
O

O
 

6 
4E

-2
 

6 
4E

+
O

 
7 

2E
-2

 
7.

2E
+

O
 

3.
2E

-i 

lo
lu

en
e 

2.
O

E
-i 

2.
O

O
E

-I
 

1.
1E

-i 
1.

O
E

+
O

O
 

6.
4E

-2
 

3 
2E

-1
 

4M
E

-2
 

2.
O

E
-i 

3.
2E

-i 
2.

8E
+

O
 

lo
ta

l X
yl

en
es

 
2 

O
E

+
O

 
2.

O
O

E
+

O
 

i.O
E

+
O

O
 

6.
4E

-2
 

3 
25

2 
6.

1E
-2

 
3.

15
2 

3.
2E

-i 

F
ric

hl
or

oe
th

en
e 

I .O
E

+
O

O
 

6 
4E

-2
 

1 
95

2 
3.

2E
-1

 

/u
ny

l c
hl

or
id

e 
1 

O
E

+
O

O
 

6 
4E

-2
 

5.
3E

-3
 

3 
2E

-1
 

• 
—

a 

C
.)

 

C
o 



710 350

Appendix C-2

Cancer Risk and Noncancer Hazard Risk Calculation Spreadsheets
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Figure 30 TAC §350.77(b)

TIER 1: Exclusion Criteria Checklist

This exclusion criteria checklist is intended to aid the person and the TNRCC in determining whether or not further
ecological evaluation is necessary at an affected property where a response action is being pursued under the Texas
Risk Reduction Program (TRRP). Exclusion criteria refer to those conditions at an affected property which preclude
the need for a formal ecological risk assessment (ERA) because there are incomplete or insignificant ecological
exposure pathways due to the nature of the affected property setting and/or the condition of the affected property
media. This checklist (and/or a Tier 2 or 3 ERA or the equivalent) must be completed by the person for all affected
property subject to the TRill'. The person should be familiar with the affected property but need not be a
professional scientist in order to respond, although some questions will likely require contacting a wildlife
management agency (i.e., Texas Parks and Wildlife Department or U.S. Fish and Wildlife Service). The checklist is
designed for general applicability to all affected property; however, there may be unusual circumstances which
require professional judgement in order to determme the need for further ecological evaluation (e.g., cave-dwelling
receptors). In these cases, the person is strongly encouraged to contact TNRCC before proceeding.

Besides some preliminary information, the checklist consists of three major parts, each of which must be
completed unless otherwise instructed. PART I requests affected property identification and background
information. PART II contains the actual exclusion criteria and supportive information. PART Ill is a qualitative
summary statement and a certification of the information provided by the person. Answers should reflect existing
conditions and should not consider future remedial actions at the affected property. Completion of the
checklist should lead to a logical conclusion as to whether further evaluation is warranted. Definitions of terms
used in the checklist have been provided and users are strongly encouraged to familiarize themselves with these
defmitions before beginning the checklist.

Name of Facility:
Air Force Plant 4

Affected Property Location:
Former Carswell Air Force Base / Golf Course Area

Mailing Address:
ASC/ENVR, BLDG. 8
Attn: George Walters
1801 Tenth St, Suite 2

TNRCC Case Tracking #s:
None

Solid Waste Registration #s:
65004

Voluntary Cleanup Program #:
None

EPA I.D. #s:
Carswell — TXOS7 1924042 and TPDESOI 18257
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Texas Natural Resource Conservation Commission Page 2
Chapter 350 - Texas Risk Reduction Program

Figure: 30 TAC §350.77(b) continued

Definitions1

Affected property - The entire area (i.e., on-site and off-site; including all environmental media) which contains
releases of chemicals of concern at concentrations equal to or greater than the assessment level applicable for
residential land use and groundwater classification.

Assessment level - A critical protective concentration level for a chemical of concern used for affected property
assessments where the human health protective concentration level is established under a Tier I evaluation as
described in §350.75(b) of this title (relating to Tiered Human Health Protective Concentration Level Evaluation),
except for the protective concentration level for the soil-to-groundwater exposure pathway which may be established
under Tier 1,2, or 3 as described in §350.75(i)(7) of this title, and ecological protective concentration levels which
are developed, when necessary, under Tier 2 and/or 3 in accordance with §350.77(c) and/or (d), respectively, of this
title (relating to Ecological Risk Assessment and Development of Ecological Protective Concentration Levels).

Bedrock - The solid rock (i.e., consolidated, coherent, and relatively hard naturally formed material that cannot
normally be excavated by manual methods alone) that underlies gravel, soil or other surficial material.

Chemical of concern - Any chemical that has the potential to adversely affect ecological or human receptors due to
its concentration, distribution, and mode of toxicity. Depending on the program area, chemicals of concern may
include the following: solid waste, industrial solid waste, municipal solid waste, and hazardous waste as defined in
Texas Health and Safety Code, §361.003, as amended; hazardous constituents as listed in 40 Code of Federal
Regulations Part 261, Appendix VIII, as amended; constituents on the groundwater monitoring list in 40 Code of
Federal Regulations Part 264, Appendix IX, as amended; constituents as listed in 40 CFR Part 258 Appendices I and
II, as amended; pollutant as defined m Texas Water Code, §26.001, as amended; hazardous substance as defmed in
Texas Health and Safety Code, §361.003, as amended, and the Texas Water Code §26.263, as amended; regulated
substance as defined in Texas Water Code §26.342, as amended and §334.2 of this title (relating to Defmitions), as
amended; petroleum product as defmed in Texas Water Code §26.342, as amended and §334.122(b)(12) of this title
(relating to Defmitions for AST5), as amended; other substances as defmed in Texas Water Code §26.039(a), as
amended; and daughter products of the aforementioned constituents.

Community - An assemblage of plant and animal populations occupying the same habitat in which the various
species interact via spatial and trophic relationships (e.g., a desert community or a pond community).

Complete exposure pathway - An exposure pathway where a human or ecological receptor is exposed to a
chemical of concern via an exposure route (e.g., incidental soil ingestion, inhalation of volatiles and particulates,
consumption of prey, etc).

De minimus - The description of an area of affected property comprised of one acre or less where the ecological
risk is considered to be insignificant because of the small extent of contamination, the absence of protected species,
the availability of similar unimpacted habitat nearby, and the lack of adjacent sensitive environmental areas.

1mese defmitions were taken from 30 TAC §350.4 and may have both ecological and human health applications.
For the purposes of this checklist, it is understood that only the ecological applications are of concern.
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Ecological protective concentration level - The concentration of a chemical of concern at the point of exposure
within an exposure medium (e.g., soil, sediment, groundwater, or surface water) which is determined in accordance
with §350.77(c) or (d) of this title (relating to Ecological Risk Assessment and Development of Ecological
Protective Concentration Levels) to be protective for ecological receptors. These concentration levels are primarily
intended to be protective for more mobile or wide-ranging ecological receptors and, where appropriate, benthic
invertebrate communities within the waters in the state. These concentration levels are not intended to be directly
protective of receptors with limited mobility or range (e g., plants, soil invertebrates, and small rodents), particularly
those residing within active areas of a facility, unless these receptors are threatened/endangered species or unless
impacts to these receptors result in disruption of the ecosystem or other unacceptable consequences for the more
mobile or wide-ranging receptors (e.g., impacts to an off-site grassland habitat eliminate rodents which causes a
desirable owl population to leave the area).

Ecological risk assessment — The process that evaluates the likelihood that adverse ecological effects may occur or
are occurring as a result of exposure to one or more stressors; however, as used in this context, only chemical
stressors (i.e., COCs) are evaluated.

Environmental medium -A material found in the natural environment such as soil (including non-waste fill
materials), groundwater, air, surface water, and sediments, or a mixture of such materials with liquids, sludges,
gases, or solids, including hazardous waste which is inseparable by simple mechanical removal processes, and is
made up primarily of natural environmental material.

Exclusion criteria - Those conditions at an affected property which preclude the need to establish a protective
concentration level for an ecological exposure pathway because the exposure pathway between the chemical of
concern and the ecological receptors is not complete or is insignificant.

Exposure medium - The environmental medium or biologic tissue in which or by which exposure to chemicals of
concern by ecological or human receptors occurs.

Facility - The installation associated with the affected property where the release of chemicals of concern occurred.

Functioning cap - A low permeability layer or other approved cover meeting its design specifications to minimize
water infiltration and chemical of concern migration, and prevent ecological or human receptor exposure to
chemicals of concern, and whose design requirements are routinely maintained.

Landscaped area - An area of ornamental, or introduced, or commercially installed, or manicured vegetation which
is routinely maintained.

Off-site property (off-site) - All environmental media which is outside of the legal boundaries of the on-site
property.

On-site property (on-site) -All environmental media within the legal boundaries of a property owned or leased by
a person who has filed a self-implementation notice or a response action plan for that property or who has become
subject to such action through one of the agency's program areas for that property.
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Physical barrier - Any structure or system, natural or manmade, that prevents exposure or prevents migration of
chemicals of concern to the points of exposure.

Point of exposure -The location within an environmental medium where a receptor will be assumed to have a
reasonable potential to come into contact with chemicals of concern. The point of exposure may be a discrete point,
plane, or an area within or beyond some location.

Protective concentration level - The concentration of a chemical of concern which can remain within the source
medium and not result in levels which exceed the applicable human health risk-based exposure limit or ecological
protective concentration level at the point of exposure for that exposure pathway.

Release - Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping, leaching,
dumping, or disposing into the environment, with the exception of:

(A) A release that results in an exposure to a person solely within a workplace,
concerning a claim that the person may assert against the person's employer;

(B) An emission from the engine exhaust of a motor vehicle, rolling stock, aircraft,
vessel, or pipeline pumping station engine;

(C) A release of source, by-product, or special nuclear material from a nuclear incident,
as those terms are defined by the Atomic Energy Act of 1954, as amended (42 U.S.C. §2011 et seq.), if the release is
subject to requirements concerning financial protection established by the Nuclear Regulatory Commission under
§170 of that Act;

(D) For the purposes of the environmental response law §104, as amended, or other
response action, a release of source, by-product, or special nuclear material from a processing site designated under
§102(a)(l) or §302(a) of the Uranium Mill Tailings Radiation Control Act of 1978 (42 U.S.C. §7912 and §7942), as
amended; and

(E) The normal application of fertilizer.

Sediment - Non-suspended particulate material lying below surface waters such as bays, the ocean, rivers, streams,
lakes, ponds, or other similar surface water body (including intermittent streams). Dredged sediments which have
been removed from below surface water bodies and placed on land shall be considered soils.

Sensitive environmental areas -Areas that provide unique and often protected habitat for wildlife species. These
areas are typically used during critical life stages such as breeding, hatching, rearing of young, and overwintering.
Examples include critical habitat for threatened and endangered species, wilderness areas, parks, and wildlife
refuges.

Source medium - An environmental medium containing chemicals of concern which must be removed,
decontaminated and/or controlled in order to protect human health and the environment. The source medium may
be the exposure medium for some exposure pathways.

Stressor - Any physical, chemical, or biological entity that can induce an adverse response; however, as used in this
context, only chemical entities apply.
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Subsurface soil - For human health exposure pathways, the portion of the soil zone betwien the base of surface soil
and the top of the groundwater-bearing unit(s). For ecological exposure pathways, the portion of the soil zone
between 0.5 feet and 5 feet in depth.

Surface cover - A layer of artificially placed utility material (e.g., shell, gravel).

Surface soil - Forhuman health exposure pathways, the soil zone extending from ground surface to 15 feet in depth
for residential land use and from ground surface to 5 feet in depth for commercial/industrial land use; or to the top of
the uppermost groundwater-bearing unit or bedrock, whichever is less in depth. For ecological exposure pathways,
the soil zone extending from ground surface to 0.5 feet in depth.

Surface water - Anywater meeting the definition of surface water in the state as defmed m §307.3 of this title
(relating to Abbreviations and Defmitions), as amended.
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PART I. Affected Property Identification and Background Information

1) Provide a description of the specific area of the response action and the nature of the release. Include
estimated acreage of the affected property and the facility property, and a description of the type of facility
and/or operation associated with the affected property. Also describe the location of the affected property
with respect to the facility property boundaries and public roadways.

Air Force Plant 4
Air Force Plant (AFP) 4 became operational in 1942 when Consolidated Aircraft began manufacturing the
B-24 bomber for national defense during World War II. In 1953, General Dynamics took over operation of
the manufacturing facility. Since 1953, AFP 4 has produced B-36, B-58, F-ill aircraft. The plant
currently produces F- 16 aircraft. In addition to F- 16 aircraft, APP 4 produces spare parts, radar units, and
missile components. On March 1, 1993, Lockheed, Forth Worth Company, took over operations of AFP 4
as a successor to General Dynamics. AFP 4 currently occupies 602 acres.

Manufacturing operations at APP 4 have resulted in the generation of various hazardous wastes that include
waste oils, fuels, spent solvents, paint residues, and spent process chemicals. Throughout most of the
plant's history, waste oil, solvents, and fuels were disposed at on-site landfills or were burned during fire
training exercises. Chemical wastes were initially discharged to the sanitary sewer system and treated by
the City of Fort Worth's treatment system. In the 1970's, chemical process wastes were treated on site at a
newly constructed chemical waste treatment system prior to being discharged to the sanitary sewer system.
Currently, on site burning of waste has been discontinued while waste oils and solvents are disposed
through a contractor. Chemical wastes continue to be treated on site. APP 4 was placed on the National
Priority List (NPL) in August 1990 because of a large release of trichloroethene (TCE) arising from past
disposal practices at APP 4. While the source areas are currently being remediated, the dissolved TCE
plume appears to have migrated toward the east of APF 4 and extends under NAS Fort Worth iRE and the
Former Carswell MB/Base Realignment and Closure (BRAC) area. The plume is referred to as the
southern lobe, and is migrating in a southeast direction.

NAS Fort Worth JRB
The NAS Fort Worth JRB started as a modest dirt runway built to service the aircraft manufacturing plant
formerly located at APP 4's current location. In August 1942, the base was opened as Tarrant Field
Airdrome and was used to train pilots to fly B-24 bombers. In May 1943, the field was re-designed as Fort
Worth Army Air Field. It was renamed Carswell Air Force Base in 1948, and the 71Bomber Wing became
the base host unit. The Strategic Air Command (SAC) mission remained at Carswell AFB until 1992,
when the Air Combat Command assumed control of the base upon de-establishment of SAC. In October
1994, the U.S. Navy assumed responsibility for much of the facility, and its name was changed from
Carswell APR to NAS Fort Worth JRB. The principal activities on the base have been maintaining and
servicing bombers, fuel tankers, and fighter jet aircraft.

Major industrial operations that have been performed at the NAS Fort Worth JRB include the following:
maintenance ofjet engines, aerospace ground equipment, fuel systems, weapons systems, pneudraulic
systems and general and special purpose vehicles; aircraft corrosion control; and non-destructive inspection
activities. Most liquid wastes that have been generated by industrial operations can be characterized as
waste oils, recoverable fuels, spent solvent, and spent cleaners. Several landfills exist just up gradient of the
BRAC area, with one landfill (SWMU 22) on the western portion of the BRAC property. Two areas of
concern (AOC) exist within the BRAC area; they are the AOC 9, the Golf Course Maintenance Yard, and
AOC 16, the Family Camp.
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TCE drums were discovered from a landfill located just upgradient of the BRAC property. The area is
identified as SWMU 24. Waste Burial Area No. 7 (WP-07). SWMU 24 began serving as an active
landfill during the 1960's. The unit received drums of cleaning solvents, tetraethyl leaded sludge, small
quantities of undetermined waste, and may have received live ordinance. Operations appear to have
ended by 1983. All landfill activity associated with SWMU 24 during the period of operation was
contained within the perimeter fencing for the unit. In February 1991, a geophysical survey was
performed at SWMIJ 24. Results from this survey revealed nine distinct geophysical anomalies,
indicating buried metal objects beneath the ground surface. A total of thirty-four 55-gallon drums
and ten 5-gallon buckets were excavated. These drums and buckets contained a total of 131
gallons of TCE and 169 gallons of TCE-contaminated liquid. A post excavation confirmation
geophysical survey was performed in April 2000, which identified 12 additional anomalies
indicating metallic objects beneath the ground surface. Trenching activities uncovered 20 drums
containing TCE. All anomalies were investigated, contaminated soils were removed, and
confirmation soil samples were collected for chemical analysis.

The site soils were approved for closure under RRS2 and no longer appear to present a
potential risk to human health or the environment.

The resulting southern lobe TCE plume originating from AFP 4 and possibly other NAS Fort Worth source
areas covers approximately 453 acres, 75 of which are on the BRAC property. The down gradient extent
(TCE at 5 j.tg/L) of the plume is within 6 feet of the federal property boundary in WHGLRWOI5. An off-
site well has been installed and analytical results are pending. Two additional offsite wells WHGLRWO 16
and WHGLRWO 17 (approximately 20 feet from the boundary show no detectable concentrations of TCE).

Attach available USGS topographic maps and/or aerial or other affected property photographs to this form
to depict the affected property and surrounding area. Indicate attachments:

X Topo map X Aerial photo 0 Other

2) Identi& environmental media known or suspected to contain chemicals of concern (COCs) at the present
time. Check all that apply:

Known/Suspected COC Location Based on sampling data?
0 Soil � 5 ft below ground surface 0 Yes 0 No
0 Soil >5 ft below ground surface 0 Yes 0 No
X Groundwater X Yes 0 No
X Surface Water/Sediments X Yes 0 No

Explain (previously submitted information may be referenced):

Detected chemicals in groundwater, surface water and sediment are identified in Tables 6-1, 6-3, and 6-4,
respectively.
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3) Provide the information below for the nearest surface water body which has become or has the potential to
become impacted from migrating COCs via surface water runoff, air deposition, groundwater seepage, etc.
Exclude wastewater treatment facilities and stormwater conveyances/impoundments authorized by permit.
Also exclude conveyances, decorative ponds, and those portions of process facilities which are:

a. Not in contact with surface waters in the State or other surface waters which are
ultimately in contact with surface waters in the State; 4

b. Not consistently or routinely utilized as valuable habitat for natural communities
including birds, mammals, reptiles, etc.

The nearest surface water body is 0 feet/miles from the affected property and is named
Farmers Branch Creek . The water body is best described as a:

X freshwater stream: ______ perennial (has water all year)
______ intermittent (dries up completely for at least I week a year)

X intermittent with perennial pools
O freshwater swamp/marsh/wetland
O saltwater or brackish marsh/swamp/wetland
0 reservoir, lake, or pond; approximate surface acres:
0 drainage ditch
0 tidal stream 0 bay El estuary
0 other; speci

Is the water body listed as a State classified segment in Appendix C of the current Texas Surface Water
Quality Standards; §307.l -307.10?

DYes Segment # ______ Use Classification:

XNo

If the water body is not a State classified segment, identi' the first downstream classified segment.

Name: West Fork of the Trinity Below Lake Worth

Segment #: 0806

Use Classification: Contact recreation, high aquatic life use, public water supply

As necessary, provide further description of surface waters in the vicinity of the affected property:
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PART II. Exclusion Criteria and Supportive Information

Subpart A. Surface WaterlSediment Exposure

1) Regarding the affected property where a response action is being pursued under the TRRP, have COCs

migrated and resulted in a release or imminent threat of release to either surface waters or to their
associated sediments via surface water runoff, air deposition, groundwater seepage, etc.? Exclude
wastewater tseatment facilities and stormwater conveyances/impoundments autHorized by permit. Also
exclude conveyances, decorative ponds, and those portions of process facilities which are:

a. Not in contact with surface waters in the State or other surface waters which are
ultimately in contact with surface waters in the State;

b. Not consistently or routinely utilized as valuable habitat for natural communities
including birds, mammals, reptiles, etc.

XYes ONo

Explain:

Measured concentrations of volatile and semivolatile chemicals (see Tables 6-3 and 6-4) have been
detected in surface water and sediment samples.

If the answer is Yes to Subpart A above, the affected property does not meet the exclusion criteria.
However, complete the remainder of Part II to determine if there is a complete and/or significant soil
exposure pathway, then complete PART III - Qualitative Summary and Certification. If the answer is No,
go to Subpart B.

Soil is not included under this remedial investigation.

Subpart B. Affected Property Setting

In answering "Yes" to the following question, it is understood that the affected property is not attractive to wildlife
or livestock, including threatened or endangered species (i.e., the affected property does not serve as valuable
habitat, foraging area, or refuge for ecological communities). (May require consultation with wildlife management
agencies.)

I) Is the affected property wholly contained within contiguous land characterized by: pavement, buildings,

landscaped area, functioning cap, roadways, equipment storage area, manufacturing or process area, other
surface cover or structure, or otherwise disturbed ground?

XYes flNo

Explain:
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If the answer to Subpart B above is Yes, the affected property meets the exclusion criteria, assuming the
answer to Subpart A was No. Skip Subparts C and D and complete PART III -Qualitative Summary and
Certification. If the answer to Subpart B above is No, go to Subpart C.

Subpart C. Soil Exposure

1) Are COCs which are in the soil of the affected property solely below the first 5feet beneath ground surface
or does the affected property have a physical barrier present to prevent exposure of receptors to COCs in
surface soil?

JYes

Explain:

Soil is not included under this remedial investigation.

If the answer to Subpart C above is Yes, the affected property meets the exclusion criteria, assuming the
answer to Subpart A was No. Skip Subpart D and complete PART III -Qualitative Summary and
Certification. If the answer to Subpart C above is No, proceed to Subpart D.

Subpart D. Dc Mii'thnus Land Area

In answering "Yes" to the question below, it is understood that all of the following conditions apply:

+ The affected property is not known to serve as habitat, foraging area, or refuge to threatened/endangered or
otherwise protected species. (Will likely require consultation with wildlife management agencies.)

+ Similar but unimpacted habitat exists within a half-mile radius.
+ The affected property is not known to be located within one-quarter mile of sensitive environmental areas

(e.g., rookeries, wildlife management areas, preserves). (Will likely require consultation with wildlife
management agencies.)

+ There is no reason to suspect that the COCs associated with the affected property will migrate such that the
affected property will become larger than one acre.

I) Using human health protective concentration levels as a basis to determine the extent of the COCs, does the
affected property consist of one acre or less and does it meet all of the conditions above?

DYes XNo

Explain how conditions are met/not met:

The surface water body is contained within a golf course area that is highly maintained and does not serve
as a viable habitat for threatened/endangered or otherwise protected species.



Texas Natural Resource Conservation Commission
Chapter 350 - Texas Risk Reduction Program

Figure: 30 TAC §350.77(b) continued

710 375

Page 11

If the answer to Subpart D above is Yes, then no further ecological evaluation is needed at this affected
property, assuming the answer to Subpart A was No. Complete PART III -Qualitative Summary and
Certification, If the answer to Subpart D above is No, proceed to Tier 2 or 3 or comparable ERA.

PART III. Qualitative Summary and Certification (Complete in all cases.)

Attach a brief statement (not to exceed I page) summarizing the information you have provided in this form. This
summary should include sufficient information to veri' that the affected property meets or does not meet the
exclusion criteria. The person should make the initial decision regarding the need for further ecological evaluation
(i.e., Tier 2 or 3) based upon the results of this checklist. After review, TNRCC will make a fmal determination on
the need for further assessment. Note that the person has the continuing obligation to re-enter the ERA process
if changing circumstances result in the affected property not meeting the Tier 1 exclusion criteria.

Completed by Tim Fischer (Typed/Printed Name)

Senior Toxicolo2ist. IT Comoration

November 30. 2001

(Tale)

(Date)

I believe that the information submitted is true, accurate, and complete, to the best of my knowledge.

Lynn A. Morgan. P.G. (Typed/Printed Name of Person)

Senior Geologist (Title of Person)

-j
November 30, 2001

(Signature of Person)

(Date Signed)
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June 6, 2001

Ms. Lynn Morgan
Hydrogeologic, Inc
1155 Herndon Parkway, Ste. 900
Herndon,VA 20170

Dear Ms Morgan

This letter is in response to your information request, dated March
5, 2001, for rare and threatened and endangered (T&EI species in
the immediate vicinty of Carswell Air Force Base in Tarrant
County.

Given the small proportion of public versus private land in Texas,
the TPWD Biological and Conservation Data System (BCD)
includes less than a representative inventory of rare resources in
the state. Although it is based on the best data available to TPWD
regarding rare species, the data from the BCD do not provide a
definitive statement as to the presence, absence, or condition of
special species, natural communities, or other significant features
in your project area. These data cannot substitute for an on-site
evaluation by your qualified biologists. The BCD information is
intended to assist you in avoiding harm to species that may occur
on your site.

Based on the project as presented, the TPWD list for Tarrant
County, and presently known BCD records for the general project
areas, the following species could occur on the project site, if
suitable habitat is present:

Federally and State Listed Endangered
Interior Least Tern (Sterna antularum athalassos)

Federally and State Listed Threatened
Bald Eagle (Haliaeettts leucocephalus) (Federally proposed for
delis tin g)

State Listed Threatened
Texas Horned Lizard (Phrynosorna cornutum)
Timber/Canebrake Rattlesnake (Crotalus homdus)

4200 SMITH SCHOOL ROAD
AUSTIN. TEXAS 7S744 3291

5X5-3S5 4600
WWW IDWO Stale IX US

Species of Concern
Migrant Loggerhead Shrike (Lanws ludcvzcianus nvgrans)
Western Burrowing Owl (Athene cunicularia hypugaea)
Plains Spotted Skunk (Spilogale putortus interrupta)
Texas Garter Snake (Tharnnophis sirtalis annectens)

lu manage anti eoDerl cr the natarat anti ca/mid re'ourtm of leNtil for till?

i/se lilld enjoyment ill present arid Joliii gn,eratiosis

Gic ta the
Lane Leginy
Eadaipnie,zt fzi,d
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Special Features
Colomal Waterbird Rookeries

Enclosed is a copy of the TPWD county list of rare and T&E species for Tarrant
County. TPWD recommends the county list be reviewed entirely as species in
addition to those above could be present depending upon habitat availability. If
rare or T&E plant or animal species are found within or near the project area,
TPWD recommends precautions be taken to avoid adverse impacts to them.

Currently, no known BCD occurrences of federally or state listed species are
documented on or adjacent to the project area. However, two colonial waterbird
rookenes are documented from Lake Worth approximately 2 and 4 miles
upstream from the project site. These occurrence printouts are enclosed for
your reference. Please do not include the occurrence printouts in your
draft or final documents. Because some species are especially sensitive to
collection or harassment, these records are for your reference only.

Migratory birds, including colonial waterbirds, receive protection under the
Migratory Bird Treaty Act (MBTA), which implicitly prohibits intentional and
unintentional take of migratory birds, including their nests and eggs, except
where permitted. If migratory bird species are found nesting on or adjacent to
the project area, they must be dealt with in a manner consistent with the
MBTA Additional information regarding the MBTA may be obtained through
the Southwest Regional Office (Region 2) Division of Migratory Birds, FWS, at
(505) 248-6879 or the Migratory Birds Permits Office at (505) 248-7882.

This letter does not constitute a general review of fish and wildlife impacts that
might result from the activity for which this information is provided. Should
you need such a review, contact Kathy Boydston, TPWD Wildlife Habitat
Assessment Program, Wildlife Division (512) 389-4571.

Thank you for the opportunity to provide information for this project Please
contact me if you have any questions or need additional assistance (512) 912-
7054

Sincerely,

Amy Sugeno, Habitat Review Assistant
Wildlife Habitat Assessment Program, Wildlife Division
Threatened and Endangered Species

Enclosures (2)
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The Texas Parks and Wildlife (TPWD) county lists include:

Vertebrates, Invertebrates, and Vascular Plants on the special species
lists of the Texas Biological and Conservation Data System. These
special species lists are comprised of all species, subspecies, and
varieties that are federally listed; proposed to be federally listed; have
federal candidate status; are state listed; or carry a global
conservation status indicating a species is imperiled, very rare, or
vulnerable to extirpation.

Colonial Waterbird Nesting Areas and Migratory Songbird Fallout Areas
are contained on the county lists for coastal counties only.

The TPWD county lists exclude:

Natural Plant Communities such as Little Bluestem-Indiangrass Series
(native prairie remnant), Water Oak-Willow Oak Series (bottomland
hardwood community), Saltgrass-Cordgrass Series (salt or brackish
marsh), Sphagnum-Beakrush Series (seepage bog).

Other Significant Features such as non-coastal bird rookeries, migratory
bird information, bat roosts, bat caves, invertebrate caves, and
prairie dog towns.

The revised date on each county list reflects the last date any changes or
revisions were made for that county and reflects current listing statuses and
taxonomy.

Species that appear on county lists do not all share the same probability of
occurrence within a county. Some species are migrants or wintering residents
only. Additionally, a few species may be historic or considered extirpated within a
county. Species considered extirpated within the state are so flagged on each list.

Revised. 01-03-15

TEXAS
PARKS &
WILDLIFE
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The Texas Biological and Conservation Data System (TXBCD), established in 1983,
is the state's most comprehensive source of information on rare, threatened, and
endangered plants and animals, exemplary natural communities, and other
significant features, The TXBCD is constantly updated, providing current
information on statewide status and locations of these unique elements of natural
diversity.

The TXBCD gathers biological information from museum and herbarium collection
records, publications, experts in the scientific community, organizations,
individuals, and on-site field surveys conducted by TPWD staff on public lands or
private lands with written permission. TPWD staff botanists, zoologists, and
ecologists perform field surveys to locate and verify specific occurrences of high-
priority biological elements and collect accurate information on their condition,
quality, and management needs.

The TXBCD can be used to help evaluate the environmental impact of routing and
siting options for development projects. It also assists in impact assessment,
environmental review, and permit review.

Given the small proportion of public versus private land in Texas, the TXBCD
includes less than a representative inventory of rare resources in the state.
Although it is based on the best data available to TPWD regarding rare species,
these data cannot provide a definitive statement as to the presence, absence,
or condition of special species, natural communities, or other significant
features in any area. Nor can these data substitute for on-site evaluation by
qualified biologists. The TXBCD information is intended to assist the user in
avoiding harm to species that may occur.

Please use the following citation to credit the TXBCD as the source for this county
level information:

Texas Biological and Conservation Data System. Texas Parks and Wildlife,
Wildlife Diversity Branch. County Lists of Texas' Special Species. [county
name(s) and revised date(s)].

For infonnation on obtaining a project review form or a site-specific review of a project
area for rare species, please call (512) 912-7011.
Revised: 01-03-15

The Texas Biological
and Conservation Data System

TEXAS
PARKS &
WILDLIFE
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Texas Parks & Wildlife Last Revisioh: 8/26/99
Annotated County Lists of Rare Species Page 1 of 2

TARRANT COUNTY
Federal State
Status Status

*** BIRDS
Arctic Peregrine Falcon (Faicoperegrinus tzmdrius) - due to similar field characteristics, DL T

treat all Peregrine Falcons as federal listed Endangered; potential migrant

Bald Eagle (Haiiaeetus leucocephalus) - found primarily near seacoasts, rivers, and large LT-PDL T
lakes; nests in tall trees or on cliffs near water, communally roosts, especially in
winter, hunts live prey, scavenges, and pirates food from other birds

Henslow's Sparrow (An2modramus hensiowli) - wintering individuals (not flocks) found
in weedy fields or cut-over areas 'where lots of bunch grasses occur along with vines
and brambles, a key component is bare ground for runmng/walking, likely to occur,
but few records within this county

Interior Least Tern (Sterna antillarurn athaJassos) -nests along sand and gravel bars LE E
within braided streams and rivers, also known to nest on man-made structures

Migrant Loggerhead Shrike (Lanius ludovicianus nuigrans) - open and semi-open
grassy areas with scattered trees and brush, breeding March-late August

Western Burrowing Owl (Athene cunicularia hypugaea) - open grasslands, especially
prairie, plains, and savanna, sometimes in open areas such as vacant lots near human
habitation or airports, nests and roosts in abandoned burrows

Whooping Crane (Grus americana) - potential migrant LE E

*** MAMMA_LS ***
Plains Spotted Skunk (SpiJogaleputonus interrupta) - catholic, open fields, prairies,

croplands, fence rows, farmyards, forest edges, and woodlands, prefers svooded,
brushy areas and tallgrass prairie

"fl REPTILES***
Texas Garter Snake (Thaninophis sirtaiis anncctens) - wet or moist microhabitats are

conducive to the species occurrence, but is not necessarily restricted to them,
hibernates underground or in or under surface cover; breeds March-August

Texas Horned Lizard (Fhrynosoma cornutum) - open, and and semi-and regions with T
sparse vegetation, including grass, cactus, scattered brush or scrubby trees, soil may
vary in texture from sandy to rocky; burrows into soil, enters rodent burrows, or
hides under rock when inactive; breeds March-September

Timber/Canebrake Rattlesnake (Crotaius borridus) - swamps, floodplains, upland pine T
and deciduous woodlands, riparian zones, abandoned farmland, limestone bluffs;
sandy soil or black clay; prefers dense ground cover, i.e. grapevines or palmetto

*** VASCULAR PLANTS ***

Auriculate false foxglove (Tomanthera aw-iculata) (extirpated) -known in Texas from
one late nineteenth century specimen record labeled "Benbrook"; in Oklahoma found
in degraded prairies and floodplains, fallow fields, and borders of upland sterile
woods
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Texas Parks & Wildlife Last Revision. 8/26/99
Annotated County Lists of Rare Species Page 2 of 2
TARRANT COUNTY, cont'd

Federal State
Status Status

LE, LT - Federally Listed Endangered/Threatened
PE, PT - Federally Proposed Endangered/Threatened

EISA, T/SA - Federally Endangered/Threatened by Smiilarity of Appearance
Cl - Federal Candidate, Category 1, mformanon supports proposing to list as endangered/threatened

DL ,PDL - Federally Delisted/Proposed Dehsted
E, T - State Endangered/Threatened

"blank" - Rare, but with no regulatory listing status

Species appearing on these lists do not share the same probability of occurrence. Some species are
mirants or win tering residents only, or may be historic or considered extirpated
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GLOBAL CONSERVATION STATUS RANK (GRANK)

Gi Critically imperiled globally, extremely rare, typically 5 or fewer occurrences
G2 Imperiled globally, very rate, 6 to 20 occurrences
G3 Very rare and local throughout range or found locally in restricted range, 21 to 100

occurrences
G4 Apparently secure globally
G5 Demonstrably secure globally

GH Of historical occurrence through its range
GU Possibly in peril range-wide, but status uncertain

G#G# Ranked within a range as status uncertain
GX Believed to be extinct throughout range

Q Rank qualifier denoting taxonotnic assignment is questionable
Not ranked to date or rank qualifier denoting uncertain rank

C In captivity or cultivation only
G#T# "G" refers to species rank, "T" refers to variety or subspecies rank

STATE CONSERVATION STATUS RANK (SRANK)

SI Critically imperiled in state, extremely tare, very vulnerable to extirpation, typically S or
fewer occurrences

S2 Imperiled in state, very rare, vulnerable to extirpation, 6 to 20 occurrences
S3 Rare or uncommon in state, 21 to 100 occurrences
S4 Apparently secure in state
55 Demonstrably secure in state
SA Accidental in state
SE An exotic species established in state
SH Of historical occurrence in state and may be rediscovered
SP Potential occurrence in state
SR Reported, but without persuasive documentation

SRF Reported falsely or in error, but error persists in literature
SU Possibly in peril in state, but status uncertain
SX Apparently extirpated from State
SZ Migratory/transient in state to irregular/dispersed locations
B Qualifier indicating basic rank refers to the breeding population in the state
N Qualifier indicating basic rank refers to the non-breeding population in the state

Not ranked to date or rank qualifier denoting uncertain rank
C In captivity or cultivation only in the state

OCCURRENCE RANK

A Excellent Al Excellent, Introduced
B Good BI Good, Introduced
C Marginal CI Marginal, Introduced
D Poor DI Poor, Introduced
E Extant/Present El Extant, Introduced
H Historical/No Field Information I-Il Historical, Introduced
X Destroyed/Extirpated XI Destroyed, Introduced
0 Obscure 01 Obscure, Introduced

Revised 09 February 2001
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11 6' 8t Code Key for Occurrence Pdntouts from the

Texas Biological and Conservation Data System Information

FEDERAL STATUS

LE Listed Endangered
LT Listed Threatened

LELT Listed Endangered in part of range, Threatened in a different part
PE Proposed to be listed Endangered
PT Proposed to be listed Threatened

PDL Proposed to be Delisted (Note Listing status retained while proposed)
E/SA Listed Endangered on basis of Similanty of Appearance
T/SA Listed Threatened on basis of Similarity of Appearance
DL Delisted Endangered/Threatened
Cl Candidate, Category I USFWS has substantial information on biological vzilnerabthty and

threats to support proposing to list as endangered or threatened Data are being gathered
on habitat needs and/or critical habitat designations

C1'' Cl, but lacking known occurrences
C1 Cl, but lacking known occurrences, except m captivity/cultivation
XE Essential Experimental Population
XN Non-essential Experimental Population

STATE STATUS

E Listed as Endangered by the State of Texas
T Listed as Threatened by the State of Texas

MAPPING PRECISION

S Second Accuracy within 3-second radius of latitude/longitude or boundaries, if delineated
M Minute: Accuracy within 1-minute radius of latitude/longitude, approx 2 kilometers or 1 5

miles radius
G General. Occurrence mapped to USGS quadrangle or place name precision only, precision

within about 8 kilometers or 5 miles radius
U Unmappable record

MANAGED AREA
(code following managed area name)

Y Element occurrence contained within managed area boundaries
N Element occurrence is not entirely contained within managed area boundaries

Unknown whether occurrence is or is not wholly contained within managed area
boundaries

Blank No information available

Revised 09 Februaiy 2001



TEXAS BIOLOGICAL AND CONSERVATION DATA SYSTEM 710 388
TEXAS PARKS AND WILDLIFE DEPARTMENT

31 MAY 2001

NAME: ROOKERY
COMMON NAME:
OTHER NAME: COLONY # 555-007, FT. WORTH NATURE PRESERVE
FEDERAL STATUS: STATE STATUS:
GLOBAL RANK: STATE RANK:
IDENTIFIED: Y TRACK: Y SENSITIVITY:
COUNTY: Tarrant

USGS TOPO MAPS: TOPO QUAD. MARGIN #:
LAKE WORTH 3209774 5

ELEMENT OCCURRENCE NUMBER: 464 DATE LAST OBSERVED: 1988
PRECISION: S DATE FIRST OBSERVED: 1986
OCCURRENCE RANK: DATE SURVEYED:
SURVEY COMMENTS:

MANAGED AREAS: CONTAINED:
FORT WORTH NATURE CENTER AND REFUGE N

DIRECTIONS:
INLET AND SURROUNDING NORTH LAKESHORE, LAKE WORTH AT FORT WORTH NATURE
CENTER AND PRESERVE, EAST OF MOUTH OF WEST FORK TRINITY RIVER

DESCRIPTION:
INCLUDES MARSHY IMPOUNDMENT LAKESHORE

QUALITATIVE/QUANTITATIVE DATA:
NESTING COLONY OF THE GREAT BLUE HERON

MANAGEMENT COMMENTS:

PROTECTION COMMENTS.

OTHER COMMENTS:
COLONY NUMBER 555-007

SOURCE OF INFORMATION:
TEXAS COLONIAL WATERBIRD SOCIETY AND TPWD. 1986-1989. SPECIAL
ADMINISTRATIVE REPORTS, TCW ANNUAL CENSUS SUMMARIES.
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TEXAS BIOLOGICAL AND CONSERVATION DATA SYSTEM

7 10 38 9 TEXAS PARKS AND WILDLIFE DEPARTMENT
31 MAY 2001

NAME: ROOKERY
COMMON NAME:

OTHER NAME: COLONY # 555-006, SILVER CREEK
FEDERAL STATUS: STATE STATUS:
GLOBAL RANK: STATE RANK:
IDENTIFIED: Y TRACK: Y SENSITIVITY:
COUNTY: Tarrant

USGS TOPO MAPS: TOPO QUAD: MARGIN #:
LAKE WORTH 3209774 4

ELEMENT OCCURRENCE NUMBER: 463 DATE LAST OBSERVED: 1988
PRECISION S DATE FIRST OBSERVED: 1986
OCCURRENCE RANK: DATE SURVEYED:
SURVEY COMMENTS:

MANAGED AREAS: CONTAINED

DIRECTIONS:
LAKESHORE NORTH AND SOUTH OF THE MOUTH OF SILVER CREEK AT LAKE WORTH

DESCRIPTION:
INCLUDES MARSHY IMPOUNDMENT LAKESHORE

QUALITATIVE/QUANTITATIVE DATA:
NESTING COLONY OF THE GREAT BLUE HERON

MANAGEMENT COMMENTS:

PROTECTION COMMENTS:

OTHER COMMENTS:
COLONY NUMBER 555-006

SOURCE OF INFORMATION:
TEXAS COLONIAL WATERBIRD SOCIETY AND TPWD. 1986-1989. SPECIAL
ADMINISTRATIVE REPORTS, TCW ANNUAL CENSUS SUMMARIES.
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Ecological Risk Assessment Spreadsheets
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